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POROUS STRUCTURE OF ADSORBENTS® 


M. M. Dubinia 


We have during the past few decades witnessed the ever increasing practical application of the phenomenos 
of adsorption. The mon striking examples of technica: adsorptional processes realized in the gaseous phase on an 
industria) scale are the recovery of vo'at:le solvent vapors, the extract:on of gasoline from natural gases, and the 
separation of mixtures of gases. Adsorbents are also widely applied to the purification of liquids and solutions, In 
all these cases we are conceined w:th porous adsotbents. which are also.of separate interest to industry as carriers of 
catalysts, 


The physical edsorption of gases, vapors, and solutes is basically dependent on the porous structure of adsorb- 
ents, which also determines the‘r propemies 2s cata*yst cacrievs. The detailed study of adso:bent structure is hence 
na@ only of scientific. but also of considerable practica), interest. 


Three kinds of pores are to be found in active charcoals, whick are the most widely encountered adsorbents. 
The biggest ave the macropores, which can in many cases be studied with the aid of the optical microscops (Fig. 1). 
The most suitable method for the deta‘led study of the distr:bution of the volumes of macropores according to their 
effective radii is that depending on the measurement of the volume of mercury, which does not wet the walls of the 
pores, filling the pores at different hydrostatic pressures. Each pressure Phas a corresponding effective radius rt. 


being that of the smallest of the pores f:lied at that pressures é 
20 cos 


where o is the surface tension of mercy, and @ is the angle of contact of mercury, which we find to be 142°. 


A differential curve representing the distibction of pore volumes can be constructed from such measure- 
ments, and ii is usually characterized by a maximum. corresponding with the prevailing pore diametér. Such 
maxima on te effective macropore radius disuibvtion curves for various active charcoals fall within the limits 
1000 - 10,000 A. The largest macropores havé diameters of the order of thousandiths of a centimeter. 


The macropores of active charcoals do not affect the values for sorption at equilibrium, and serve only as 
channels whereby the adsorbed motecules are enabled to penetrate into the interior of the grains of charcoal. The 
specific surface of the macropores does not exceed 1-2 sq. m. per g., so that the amount of substance adsorbed on 
their walls is negligibly small. 


The transitional pores are smaller in diameter, and become filled with liquid as a result of the process of .. 


capillary condensation of vapors of o: ganic liquids adsorbed therein. The non-coincidence of the sorptional and Res, 
desoptional branches of the isotherms. to give a hysteretic loop, is characteristic of capillary condensation. The ee 
volume of the tansitiozal pores is equa) to that of vapor (as !iquid) sorbed between the equilibrium pressure at 4 a: 
which hysteresis is first observed atl "he saturation value at the relative pressure p/ps = 3 (Fig. 2). a 
According to the theory of capillary condensation, to each equilibrium vapor pressure there corresponds & a ce 
definite radius of curvature of the memiscus, which is, under condinons of full wetting. equal to the radius of the R ie, 
free space between adsorption felms in the ssnallest of the filled transitional pores. After imtroducing a cormec- 
tion for the thickness df the adsorption {:1m we obtain the effective radius of the finest of the filled wansitional ~ . - 
pores. Such measurements, allowing for the amount of adsorbed vapor, enable us to construct differential curves a wh 
represent ing distribution of volumes of transitional pores according to their radius, 


The transitional porosity of active charcoals can in moa cases also be studied by other methods, such as 
that of infilt ating metcury under pressure. or by means of the electron microscope (Fig. 3). The effective 


© Read at the general meeting of the Diviston of Chem‘cal Sciences of the Academy of Sciences, U.S.S.R 
March 27, 152. 
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of trans*t-onel pores of vatious active cliarcoals, corresponding with maxima 
, on the distribut.oa curves, fall within the limits 70-170 A. Since the volumes of 
transttrona’ pores cf different charcoals within broad limits from the ordeg 
of bund:edtns tent’s of ace. per g., it follows that their surface may 
vary froma few square m. to 100 square m. per g. 


The finest variety of pores are the micropores, which are too smal] te 
be seen even with the-electron microsw@pe, The study of adsorption from solue 
stons of substances of different molecular sizes, i.e., the application of the 
method of “molecular sounds® developed by us, allows us to draw the conclu- 
sion that the dimensions of the micropores “cppeoach those of inole- 
cules. Such fine pores cr free spaces in the crystalline structure formed by the 
not fully ordered spatial diswibution of the six-membesed elementary graphite 
rings in the turbostratic structure of carbon, give a very considerable specific 
surface due to micropores of active charcoal, of the order of hundreds of #q. 
m. per g. 


Vapor adserbed on the walls of micropores is transformed into liquid by 
Fig. 2. Sortion and descrp- the pressure exerted on it. The rapid increase in thickness of the adsorption 
tion isotherm for methancl layer, due to the considerably raised adsorption potential prevailing in the 
fine micropores, leads to their becoming filled with condensed vapor. The 
one. _ adsorption process is wholly reversible, t.e., the adsorptional and desorptional 
branches of the {sotherms coincide. 


In the case of limiti-:z adsorption of sparingly soluble aliphatic acids and alcohols from aqueous solutions 
the micropores of active charcoal become filled with the pure solute, in the liquid state. The good agreemem 
betweeathe values for the volume of pores filled with condensed vapor at the point of beginning of hysteresis, or 
with acids ar alcohols at limiting adscrption from solutions, served as a basis for the method developed by Kiselev 
for determination of the volume of the micropores of active chascoal. (For figures 1, 3, acid 6, sce Plate, page 559-a). 


Thus the sorption of organic vapors by active chazcoal is made up of an adsorption process leading to the 
filling up of the micropores, with usually unimportant values of multimolecular adsorption on the surfaces of the 
transitional pores, and of a process-of capillary condensation, which leads to the filling up of the wansitional pores. 
The only exception to this is that of sorption of water vapor, the molecules of which are considerably smaller than 
are those of organic vapors; the process of adsorption depends only oa the relatively weak dispersive forces acting 
in the presence of the more powerful interaction of dipole water molecules with each other. Al) this leads to the 


filling up of the micropores basically as a result of capillary condensation of water vapor. The coarser transitional 
pores 2re not as a rule fiiled in the process of sorption. 


As a result there arises the possibility of approximately calculating the distribution of micropore volume 
according to radii, based on the desorptional branches of the isotherms for water vapor. Such differential distri- 
bution curves exhibit a maximum, and give an approximate idea of micropore dimensions. The effective radii of 


| 
t micropores of various active charcoals, corresponding to the maxima of the distribution curves, fall within the 
| limits 11-25A. 


Fig. 4 presents a differential porasity curve for a specimen of charcoal prepared under such conditions as en- 
sure develcpment cf all varieties of pores; the numerical data are taken from Aleksandrov, Zaverina, Plachenova, 
ang Chepumly, The first part of the curve, witha maximum at 5=18 A corzespcnds 10 micropores with a volume of 
0.19 ce per g and a specific surface of 240 sq. m. per g. It is derived from the desorptional branch for capillary — 
condensation of water vapor. The second part of the curve, maximum at r= 140 4, relates to transitional pores, 
volume 0.49 cc. per g., specific surface~150 sq. m. per g. Curve 1, Fig. ¢ 4, is derived from the desorptional branch 
for capillary condensation of benzene vapor, without correcting for adsorbed vapor, and Curve 2 is derived from mer- 
cury infiltration experiments; the good agreement obtained by different methods for the differential diswibution 
curves for transitional pores is worthy of aote. Finally, the third part of the curve, with a maximum at r= 7900 A, 
relates to the macropores, volume 0.43 cc. per g., specific surface 1.9 sq. m. per g. 


Fig. S presents differential distvibution curves for volumes of transitional pores according to their radius, 
instead of its logarithm. Curve 1 {s derived from mercury pressure infiltration measurements, Curve 2 from capil- 
lary condensation of benzene vapor, measured without correcting for the amount adsorbed, and Curve 3 gives 
values corrected for the thickness and votuine of the adsorption layers. Dzhigit's adsorption isotherm for benzene 
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Fig. L. Photomicrograph of wood charcoal. Fig. 6. Electron photomicrograph of silica gel E, 


shadowed with gold. The pores are seen as dark 
circles, Magnification 13,000, 
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Fig. 3. Electron photomicrograph of sugar charcoal with well developed porosity. 
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vapor on lamp black consist:ng of «phecrical partic'es, aid activated at 950° in vacuum, was taken for the calculation 
of the corrections; the adso:bent had a specific surface of 100 sq. m. per g., and from th's the volume of the uni- 
molecular adsorption layer was derived. The thickness h cf the adsorption film is given for each equilibrium rela- 
tive pressure by the quotient of the amount of vapor adsorbed and the amount needed for formation of a continuous 


adsorption monolayer, 
For each interval of relative pressures along the de- 
PP sorption branch of the 1sotherm for sorption of benzene vapor 
by charcoal there: corresponded an increment in the volume 
AW, of tiquified vapor, This increment corresponded approxi- 


mately to the srea of-the adsorption film 4s = 24W;/R, which 
does not differ significamtly for such coarse pores from the 
suiface area of the filled pores for the given interval of 
relative pressures. The product Ash = w gave the volume of 
the adsorpron film The real volume of the pores AW, 
which is.filled within the televant interval of relative pres- 
sures, is expressed by : 


7 2 3 ¢ MW = AW, ¢ (2) 
Fig. 4, Differential distribution curves for vol- where AW, = sh is 2 correction for the increase in volume 
- of the adsorption film in the larger pores, having a specific 
umes of ail varieties of pozes of active cnarcoal 
according to logarithms of effective radii. yah y 


fraction AW’A(r + h) gave the differential volume of pores, 


corresponding an «fective radius r +h, where was derived 
by Thomson's equation for the mean equilibrium relative pressure for the given interval, 


The introduction of the correction for adsorbed vapor causes 
Curve 3 to have a shape similar to that of Curve 1. the position of the ‘3 a 
maximum being shifted by about 10 A, being about 6% of the effec- 
tive radius s +h = 154 A for the maximum of the curve, This di- 
nce fs not a significant-one, and the coincidence betweeen 


3a 
curves 1 and 3 may be considered as being satisfactory. 
It may thus be said that active charcoals possess in general 
a tridisperse structure. For many specimens of charcoal the volume 
of transitional pores is exceedingly small (> 0.05 cc. per g), and cf 
these charcoals may be regarded as bi-disperse systems, possessing “ 
only two kirds of pores: macio- and micro-pores. On the other 
hand, in specimens of charcoal in which the activation process has r See 
been pushed to the limit, the size of m‘cropores increases to that » “eo 170 
of transitional pores, while macropores becomes still larger than Fig. 5. Differential volume disti- 
they were. We thus again have a bi-disperse systen made up of 2 
bution curves for transitional pores 
transitional and macro-pores, with a neg!igibly small volume of 2 
of active charcoa! according to 
micropores. As has beea shown by Kiselev, for such adsorbems ‘ 
their effective radif, 
the specific surface of the pores s coincides with the specific area 


of the adsorption film s* at the porrt at which hystcresis begins. It is obvious that this criterion excludes from con- 


sideration the surface of the micropores, if these are present, being fully filled by a purely adsorptional process be- 
fore capillary condensation commences. 


A detailed study of silica gels has been made in our laboratory by Kiselev, using a number of specimens 
specially prepared for the purpose by Neimark. Pore dimensions wee determined by the mercury pressure infil- 
tration method by Kiselev and Kamekin. 


A peculiarity of the silica ge's, connected with the conditions under which they were prepared and in which 
their structure was formed is the. practi a} absence of pores with diameters corresponding with the macropore class. 
Thus for the most coarse-pored of the gels studied, silica gel E, the volume of pores of radii exceeding 1000 Ais 


less than 0.05 cc. per g., as given by the mercury infiltrapvon method, This volume ts considerably smalter for the 
remaining, fine-pored gels. 
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E, from electron microscope 


i 


Silica gels possess either a uniform 
pore diameter, and belong in that case to 
the class of mono-disperse adsorbents, of 
they have a mixed type of porosity, with e 
bioad gradation of pore diameters. The 
structure of the relatively coarse-pored 
silica gels inay be observed directly by 
means of the electron microscope, and it 

may be studied by the methods of infil- 
Fig ‘A: Differential distribution trating mercury under pressure, or of 
curves der. colume-ot pores capillary condensation of vapors, 
Fig. 7. Differential volume ing vo theis adil. Curve 1:ilics 


The electron photomicrograph 
1 A, Curve 2: silic 
distribution curve according 3: silica gel (Fig. 6), prepared by Radushkevich and 
to pore radii for silica gel 4: silica gel B. Lukiyanovich, gives an idea of the uni- 


formly coarse-pored silica gel E, for which 

the pores may de classified according to 

their dimensions. A statistical weatment of a large number of such photomicro- 
graphs gives a differential curve for cistribution of pore volumes according to their radii (Fig. 7). The maximum of 


this curve corresponds with effective pore radii of abovt 100 A, which is in satisfactory agreement with the value 
derived from the capillary condensation theory. 


data, 


The sorption mezsurements give the possibility of constructing more detailed distribution curves, given in 
Fig. 8, for a number of silica gels, These curyes are derived from the theory of capillary condensation from the 


desorption branches of sorption isotherms of vapors... The abscissas of the graphs represent effective pore Camnacans 
in A. 


Silica gels 1, 2 and s belong to the class of uniform pore size sorbents. Curve 1 relates to the finest pore 
size silica gel A, mox of the pores of which have an cffective.:adius of 15 A. belonging to the class of micropores. 
For silica gel K(Curve 2) the max:mum cf the distribution curve is for pores of effective radius~40 A. Such pores 
are close. to transitional ones. Finally, for the most coarse-pored silica gel E(Curve 3) the maximum of the curve 


is at 90 - which is typical of uwansitional pore dimensions, Curve 4 (broken line) gives an idea of the structure of 
silica gel 5 with a nixed type of: porosity. 


We thus see that the pores of silica gels may belong io the classes of micro- and transitional pores. We did 
not encounter any specimens with well parked bi-dispesrse structure. There is obviously no reason why, in prin- 


ciple, such silica gels should not exis:;. such strictures have been encountered among the porous glasses studied by 
Zhdanov. 


The experimental data presented in this paper afford confirmation of the conceptions relating to types of 
pores of adsorbents, as developed by us, in particular for active chazcoals, aad they show the validity of the methods 
used for the determination of the volumes Of each type of pore, and for their distribution according to pore radius. 

It should be noted that the terms micropore ard macropore are also encountered in the foreign literature, where they 
are gives an arbitrary significance, and express a qualitative picture intended to describe adsorbent structure, 
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NATURAL SORBENTS OF THE FAR EAST. PART 8. 
SORPTION OF BENZENE YAPOR BY NATURAL SORBENTS, 


AND THE STRUCTURE OF SORBENTS 


Vv. T. Bykov 


We have for many years conducted a study of natural sorbents (decolorizing earths) with a view to thelr appli- 
cation in the oil industry: for the p--‘fication of peroleum products, as well as for puriftcation of products of semi- 
coking of coal, for regeneration of used petroleum lubricants, and for refining of soya bean, seal, and fish oils. These 
researches demonstrated the effectiveness as decolo”-zers of earths from a number of locations [1, 2, 3}. In view, 
however, of the diversity of the requ:'ements of modem industria! practice for sorbents, the time has come to con- 
éuct a study of the internal structure of natural sorbents, to classify them according to their structural types, and to 


achieve a more profound knowledge of the‘r p:operties, in order to arrive. at a fulter and more rational utilization 
of such solvents in industry. 


Natural sorbents are highly disperse bod es with a large internal surface ("specific surface") accessible to 
vapors and liquids, and attaining an area of the orde: of hundreds of squaze meters per grarr of sorbent. The con- 
Citions under which they were formed, and the facto-s favoring formation oi highly disperse substances in nature, 
are little known, and they reqire faz their eluc:davon a systematic study of the propesties of such sordents. Such 


a study would, moreover, allow tre most active ones to be recognized; it is known that certain natural sorbents. are 
in no way inferior to anifiialNy made ones [4}. 


The investigation of natura! so-bents is more difficult than is that of artificial ones, such as charcoals, 
silica gels, and alumina gels. The natcral sorbents are in most cases complex poly~mineral bodies, with dverse 
Particle structures and surfaces. The structure of a natwal sorbent plays a very important part in the sorption 
process. The internal structure of a sorbent is an important factor determining the velocity of sorption, the shape 
of the isotherm, and the magnitude of adsorption of molecules of the most diverse nature and structure [5, 6}. 

The geomentic structure of an adscibent, the size of its pores, their distribution according to size, and the hetero- 
geneity of its surface are all facto:s affecting the magnitude of the adsorption. potential, An increase in the ad- 
sorption potential, due to surmmat‘on of attractive fields of opposite walls of the pores, takes place when the radii 
of the latter are cf the samme ordes of magnitude as the field. It is thus necessary, in the study of natural sorbents, 
to elucidate the structure of the skeletcn of the sorbent, and of its pores, to determine the distr{ bution of pore vol- 
ume according to radius, and to f_nd the nature of the solid — liquid or — vapor interface, 


The structure of the skeieton of the sorbent is studied with the aid of the electron microscope and cf X-ray 
analysis. The electron microscope study of natura! sorbents allows one to draw conclusions regarding the degree of 
comininution of the natural product, tre shape of its particles, and the mineral nature of the particles (crystals of 
kaolinite, galuasite, montmorilioa‘te, ete.). The X-ray study of a homogeneous sorbent allows one to draw general 
conclusions regarding the presence of a given crystalline modification in the sorbent skeleton, to determine the 
crystalline parameters, and provides evidence concerning the mean degrce of dispersion d the skeletal particles. 
The picture becomes a far more involved one in the case of poly-mineral sorbents, the X+ay analysis of which 
Presents a szublem of very great complexity. We have mostly applied the electron microscope method to the 
study of the skeleton of natural sorbenrs, as descr*bed in a previous paper [15}, 


We applied very delicate sdsoipt-onal methods to the study of pore structure and of distribution of pore 
volume according to diameter, for rvp-ca) Far-Eastein natural sorbents, The use of adsorptional methods permined 


of a more profound study of the racu:e of the processes taking place in the pores of a natural sorbent, and gave an 
insight into its structure, 
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area of the acsorption has Lee. termed by Kiselev the method ‘or the study o. hichly 
Cusperse tubstances [7 4) The study oF the structure cf a natural sorbent, an! of the cistributo. of the volume of 
its pores accordin, to ra ‘ius 18 achieved Ly the use of adsorlates of different inolecule size and structure, which 
Penetrate to a cteatcr or lesser ainoui:t into ahe pores, where they undergo adsorption. The Jevclopment of such 
acswrptional metho 's of stucy of structure may procecd in the following cirectvons, for natural sorbents: (a) study 
of alsorption of gases and vapors, (b) study of adsorption from solutions, and (c) stuly of heat of adsorption of 
vapors and of heat of wetting of sorbents. In addition various methouls for the study of mactupores may be ap- 
pled such as thet depenJing on thei infiltration with liquids under pressure, end on election microscope ob- 

set vation of the shape and dimensions of particles of the highly disperse substances. 


In the study of adsorption of gases and vapors, the small moiecules of gas penetrate into the finest pores of 
the sorbent, and an indication of the magnitude of the internal surface of the adsorbent is given by the amount of 
Gas adsorbed By Ucterminng adsorption of a senes of gases and vapors of increasing molecule size an incication 
of diminismng accessib hity of the internal sutface 1s gwen However, at saturation the internal surface of adsorb- 
€nts 1s not fully coveted by gas molecules since only the active parts of this surface take part in the process, and 
it 1s hence prefe-able to apply the method of sorption of vapors to the study of porous bodies {8) The results of 
the application of this method to the study of the structure and properes of natural sorbents are presented in this 
paper. 


The method depending on stuuy of adsorption of dissolved substances also permits one to Craw conclusi ons 
recatling Cimsnishing accessiblity of the adsorbent surface as solute molecule size increases. This method of 
“molecular probes", supplementing that of sorption of vapors, leads to the characterization of the structure of the 
adsorbent. The method of adsorption from soluuons 1s mofe limited in its applicaton than is that of adsorption 
of vapors, since in the former case complications due to competition between solvent and solute molecules for 
the adsorbent surface enter. We did not use the methods depending on determination of heats of adsorpiron of 
vapors or cf wetting of the adsorbent. 


Methods Used for Study of the Structure of Natural Sorbents 


A vacuum apparatus with quartz balances, was constructed 
alons the lines of that described by Chmutov [©], with certain mod- 
ifications, as shown in Fig. 1. The apparatus was designed for the 
study of the sorbent pioperties of natural sorbents, by the method of 
sorpucn of vapors, in the Sorption Processes Laboratory, Institute of 
Physical Chemisuy, Academy of Sciences, U.S.S.R. 


The comple» of ine asurements necessary in order to reveal the structural type of sorbent, the nature of dis- 

tribution of pore voluine according to ratws, the magnitu le of the specriic surface of the sorbent skclcion, ant the 
| 
1 


The vacuum apparatus possesses four sorption tubes 1, within 
which are suspended calibrated quarcz spirals 2, from hooks forming 
part of the ground glass stoppers, which are used without grease, 
being sealed with mercury. The cups % containing weighed amounts 
of natural sorbent were suspended by glass threads from the quanz 
spirals he sorption tubes were connected with two MacLeod mer- ia 
cury manometers 4 and S. covering the range 8.67 x 10° to 7.44 x 
10°''mm. and witha U-shaped mercury nanometer 6, permitting, 
w'th the aid of a cathetometer wth a reading mictoscope, of the 
measurement of vapor pressure, up to saturation, and then wtha 
Dsuer valve for te ‘ntroduction of vapor 7, with an applicator 
tube & The ‘nstrument is then connected through a U-shaped 

safety tube 10 through tap 11 to a Langmuit mercury diffusional 

three-stage pump 12 with a pre-vacuurn system. 


The measurements are made as follows: portvons of 70-100 mg 
of au-dry of cred natura! sorbents are weighed out in weighed cups. 
In most cases the sorbents were powdered and passed through a 
sieve with 6400 apertures per sq cm. The cups, contaning por- Fig. 1. Vacuum apparatus for study of sorp- 


tions of natural and standard sorbents. are suspended in the sorption tea, 


| 
Ps 
| 
pont 
* 
it 
j 


tubes, and the mercury seals are applied to the cocks, The init'al? posit.on of an indicator on the glass threads is 
read with the aid of a cathctometer fitted with a microscope, on a scale placed within the sorption tubes. 


An electric heater is placed under the sorption tubes, and ais is pumped out, at first using the low-vacuum 
pump, and then the mercury diffusion pump 12, w.th the lower part of the sorption tubes at 200°. Evacuation ts 
continued until the pressure falis to 10° mm. Tap 11 is then closed, and heating 1s discontinued; the heater is 
removed during the cooling process, and the pos:t:on of indicators on the glass threads is read on fixed scales 
within the tubes, 


The loss of weight of the sorbents undicates removal of moisture and gases. Further calculations are now 
based on the diy weight of the sorbents. The lowe~ parts of the tubes are now immersed in a water thermostat 
at 20° (this was taken as the standard temperature for all our measurements). A small amount of vapor ts now 

_ introduced into the system, by contacting for a short time the porous membrane of applicator tube 8 <containing 
degassed liquids, such as benzene, methanol, etc.) with a porous diaphragm of funnel 7, Slight elevation of the 
tube 8 allows a layer of mercury to separate the meinbranes, so preventing further d‘ffusion of vapor into the 
vacuum system, 


After establishment of equ:!*br‘um, as shown by cessatzon of movement of the pointers on the glass threads” 
arid by achievement of constant pressure, the d'splacerment of the po!nters is read off on the scales, which are grad- 
uated in 0.01 mm. The equilib-um vapo: presicres ave read on the MacLeod manometers 4 and 5 and the mercury 
manometer 6, with the aid of a cathetamever_ A fresh port:on of vapor ‘s then introduced, and readings are agatn 
taken after establistument of the new equ:l‘bnum. These manipulations are continued until full satuzation of the 
sorbent is achieved. The lower part cf the U-shaped safety tube 10 is filled with mercuzy fn order to protect the 
grease of tap 11 from the action of the vapors. 


The desorptional branch of the tsotherm ‘s obtained by measuring equilibrium pressure and loss of weight 
of sorbent following progressive lower ng of pressure obtained by opening tap 11 so as.t0 connect with the. low 
vacuum system. The establishment of equ.tibrium du:ing deso:ption takes place very slowly; several days may 
be needed to obtain one point on the ‘sotherm, The so:ption and desorption isotherm measurements were usually 
repeated 2-3 times, from a hg” vacuem to full saturation, and back again. In addition to this, contro] measure- 
ments were made, involving compar‘son wth standard sorbents. In order to increase the accuracy of the measure- 
ments the whole apparatus was pleced in an air thermostat, in addition to keeping the lower parts of the sorption 
tubes in a water thermostat. 


We initially took measurements of sorption of methanol vapor, but the majority of natural sorbents ex- 
hibit swelling of the skeleton and show that . chemosorptive process has taken place [7]. We therefore abandoned 
work with methanol, and concentrated on measutement of sorption of benzene vapor. The work of tne sorption 
apparatus was checked by reference to a standatd sorbent AG(II), for which trustworthy adzorption isotherms for 
benzene vapor had been desived ‘n Debinin's laboratory, 


Checking and calibration of the quartz spirals were systernatically performed during the course of the 
experiments. = 


Experimental Data on Sorption and Desorption of Benzene Vapor by Natural Sorbents 


Two or more samples of e2ch natu al so-bent were taken from each of the more important deposits, pre- 
ferably from those parts which were ender exploitation or were suitable for exploitation, The degree of weather- 
ing of the tuffs from each partic s‘ar _ocation varces to some extent within it, and the sorptive properties will ob- 
viously also vary accoid:ngly. it was for this reason des‘sable to take samp'es of the actual product being dug up 
and wansported fiom the site, 


Sorption and desorption ‘sotherms for benzene vapor were derived for samples of ashy liparite tuffs and 
their weathering products, These m:nerals are of noegene or'gin, and they belong to the so-called Suyfyn de- 
posite [10]. They are represented tn this paper by samples No. 17, 18, 19, and 135 (ashy tuffs), and Nos. 20, 
124, 127, and 130 (weathered ashy muffs). 


Many of the natural sorberts studied were products of weathering of agglomerative tuffs fioin catsy quate 
ernary volcanoes (11, 12}; the sampves studied were Nos. 31, 92, 93, 86, 87, 88, 95 and 96. In addition we studied 
the diatomaccous carths Nos. 81, 82. 29, 101, and 142. In order to compare the propertics of the basic group of 
Far Eastern natural adsorbents wv") they more !mportart cuunterparts fom the European U.S.S.R. we obtained the 
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of weathering of asclomerative tiffs have cood adsorbent properties with elevated values for adsorption at low and 
rvedsum saturations, and with the 
; amount of be:.zene sorbed at full 

saturation 2-3 times greater. The 
specific surface is 5-6 times greater, . 
attaining values of 70-00 sq. m. per 
g The separate inclusions of argil- 

laceous minerals formed during 
weathering of agglomerative tuffs 
have a high adsorbent activity. 
Thus, for example, sample No, 88 
(magnesia) montmorillonite from 
Inclusions in agglomerative tuff) 


ee, «Ss ar te, a gives a limiting sorption of benzene 
Fig. 2. Sorption and desorption Fig. 3 Soipt:on and equal to 0 844 cc./g , and has a 
isotherm for benzene vapor on therm for benzene vapor on weathered specific surface equal to 155 sq. m. 
ashy tuff (sample No. 18). ashy tuff (sample No. 130). perg, i.e, 1ts adsorptive properties 
‘an exceed those of some artificial ad- 
Lr sorbents. Simualar high activity is 


shown by montmorillonite from an- 
other location (sample No, 94). 


Fig 4. Sorption and desorption Fig. 5 Sorption and desorption iso- 
isotherm for benzene vapor on therm for benzene vapor on agglom- 
agglomerative tuff (intact, erative weathered tuff (sample Mo. 
sample No. 84) 95). - 

Y¥ Vy 

A number of samples of diatomaceous earth: (samples No, 99, 101 & 

and 142) exhibit sorbent properties of the same order as lpamte ashy tuffs Fig. 6. Sorpticn and desorption 1so- 
and their weathering products. Howevez, samples of diatomaceous earth therm for benzene v.por on agclom- 
from one location (Nos. 81 and 82) had a very high sorptive capacity at- erative weathered tuff (sample No. 86). 


tributabie to capillary condensation at high degrecs of saturation, which 
is evidence of the relatively cearse’ pores of these samples. These sorbents should therefore be suitable for purification 
of heavy peuolcum products from which large molecule size admixtures are to be removed. 


The active natural sorbents studied by us for purposes of comparison, and which include the most important 
tieaching earths of the US S.R | are chzracterized by the steep r:se in the isotherm at the point of beginning of hys- 
teresis, where adsorption amounts to 0 4-0.6 mM/g . or 0 020-0 050 ce./g .. with a considerable part of the sorption 
being due to capillary condensation, leading at saturation to sorption of 0.20-0 50 ce /g. All the highly active 
natural scrbents are characterized by a diffuse disteabution of pore volume according to radius, with a considerable 
fraction of coarse pores. 


The comparison of these with the Far Eastern sorbents shows that the isotherms for a scries of agglomerative 
weathered tuffs are close to and simular to those fer “:umbrine. Gilyab) and Fuller's earth. This similarity of iso- 
therms reflects a simtarity of structures of these natural sorbents and sucgesis that they have similar adsorptive 
properties. The agslomerattve tuffs in many cases exhibit bygh sorptive activity, and they should be useful as 
bleaching carths for miteral and vegetable onls. 
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Fig. 8. Sorption and desorption Fig. 9. Sorption and desorption 
isotherm: for benzene vapor on for benzene vapor on diatomaceous 
diatomaceous earth (sample No. earth (sample No. 142). 

103). 


Fig. 7. Sorption and desorption .sso- 
therm for benzene on activated fum- SUMMARY. 


1. Sorption and desportion isotherms for benzene vapor on natural 


sorbents from a number of deposits have been constructed, and have been 
compared with isotherms for some of the more important natural sorbents taken from European parts of the U.S.S.R 


2. Certain of the sorbents exhibited high sorptive capacity, and had structures and properties similar to 
those of gun.brine, Nalchikines, and Fuller’s earth. 
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ROLE OF INERT DILUENTS ON CATALYTIC DEH {DROGENATION OF ETHYLBENZENE 


N. 1. Shuikin and I, I. Levitsky 


Numerous papers on catalytic dehydrogenation of ethylbenzene to give styrene Lave been published during 
the past decade. A well known method of raising the sty:ene content of the catalyates depends on dilution of the 
ethyllcnzene with inert cases (CO,,"N;, steam) [3.2). This effect 1s explained [1.3.4] as being due to lowering 
of the velocity of the side reaction of cracking and polymerization of styrene, due to lowering of the concentration 
of the lattes in the vapor phase. : : 


The method of k:netrc dete:mination of relat.ve adso.pt.on coefficients was applied in one of the papers 
‘ cited [4] to the study of tre effect of carboi. diox-de on the dehydrogenat: on of ethylbenzene, It was found that 
a ‘the styrene content of the catalyzates rose fiom 33 to 56.3% as the carbon dicxide content of the reaction mixture 
ga rose from 0 to 88%. The autf-or comes to ue conc:.a:ion thai the adsorpt-on coefficient of carbon dioxide is equal 
. to zero, and that the depin of dehydregenat‘on of ehy}benzene remains constant, and is not affected by dilution 
wath carbon dioxide. The increased yieids of sty.ene ace asc “bed to inhybit-vn of polymerization; no numerical 
data in support of these views are presented, however. 
| 


Marukyan [5] and Tolstopyatova [6] found -nst depth of dehydrogenat‘on of ethylbenzene rises as it 1s 
diluted with xylenes, toluene, or benzene, aud fails with inc:easing styrene content. The authors ascribe these 
effects to the circumstance that the adsorpt.on coefficients of xylenes, toluene, ard benzene are considerably 
lower, and of styrene higher, than 1s that of ethyiberzene. These results, n...:edver, led to the cer:vation of “a 
generalized kinetic equat-on for catalytic unimotecular reactions at Lomogeneous surfaces in a flowing system, 
allowing for displacement by otter substances present® [6]. The role of inert gases and hydrocarbons is thus be- 
lieved by the above authu's to be due exclusively to kinetic factors, 


The role of inert diluents may, however, be of an entuely different nature, if the reaction of dehydro- 
genation of ethylbenzene has under the given conduons beea able to approach or reach a state of thermodynamic 
equilibrium: 

: CyHs-CH,-CH, CH-C,H, =CH, + Hp 
This reaction proceeds wath incie«se iu volume. for wt-ich reason inert diluents should, in the same way as lower 
pressures, cause lowering of the partial pressures of the components of the equilibrium mixture, and hence shift 
the equiiibrium in the direction of styrene production. : 


Mitchell [75 has already expressed a similar opinion on the role of steam in the dehydrogenation of ethyl- 
benzene, without. however, advancing any experimental or numerical data in support of tt, 


The object of the sesearch descr:bed in th:s psper was to find how close the product of dehydrogenation of 
ethy benzene over catalysts of ordinary act:vity 's to the compos‘t.or of the thermodynamic equilibrium méxture, 
avd to find whethe: addi’ on of ine:t dis.ents su_fts the equil-biitm towards h.gher styrene production. 


EXPERIMENTAL 
Research Metltods 


Apparatus. The reactor was a quartz tube of internal diameter 20 mm placed in an electric oven 90 cm 
long, which ma‘nta‘ned a un'form cerstant temperati re over a Jeng’ of 40cm. The supply of current to the oven 
was controlled by a therm-o-egulator w:th a metc-ry retay, the fiuctuat.ons temperature not excecding ¢ 1°. 
Temperatures were measured by a ccinpensations’ method, using a chromivm-aluminum thermocouple, which was 
carefully calibrated, The thermocouple was placed within a porcelain steeve situated in the middle of the catalyst 
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dyer, The wet ce way we anroduct.on of etnyibenzene fiom an 
beets, coheed cad. Tre end 3f the was connected witt 
acece ce, 


Tre ng: ened sade d very :n steb tty and activity from Marukyan's 
[2] the expe: me ts descr bed were performed wth a s.ngle specimen of catalyst, 


Aidiyas., fre ere coven of cate yzges was deteiin:ned by bromometric tiation by Rosenmund's 
1) Tre were pe.fo ned med -tely afte: each expe:.ment, s:nce the styrere content changes 


Pefumese of Tee cate.yst was regenerated after each exper-meant by passing through 

ta curreat ofat at 600 fur 90 The :ntral actyv vy of tne ca‘alyst was thus maintained throughout 
expe. irens. Afte: regereta: *_be was swept Out wt’: a stream of ntrogen or carbon dioxide, 
efter wh cm we Degat roof asvesm of we ges © ydroger) in presence of which the g-vea 
exper scat 20 de yd. of erhy be cere be.ng conducted: tre flow of gas was regulated by means of 
a ume sts wee d cred 575° the em.peretwie be:ng initially to about S8S°, so 
trai The actual det.,dt at 574276. Fos tc mi: of ethy'benzene were then incoduced, 
app.cp: tren was commenced cond’: ors had become stabilized, when the 


was AD a of 81> of y:renzere or of wes with toluene was passed the 


The ct y-Derzcue, afte. berg bowed ove: s:dium, "ad tre following constants: b.p. 135.9- 
136.1. 14966. Ob660 Ire -.iene wa- d stitied sod- ut b.p. 110.5-111.0°, 1,4960, and 
a‘® 0.5062, ed was passed a ied quartz tube containzag freshly 
G.ced copper, 9 gh a im de ibe ard a r.eomeie:, before entering tre reaction tube. Eyd- 


was pas ed th a be « onta zed clarcval, U-en Ove! calcium chlonde, aid ten usough 
a flow meter tic tibe, 
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Etryibenzene 
atmerce dient was studied at dfferent mo.ar flow velocities, given in the Tables 


as TOles Of po sed pe hou gh 1 ie. of catelyst: the coresponding volume velocities are express=d 
were howe per of 


TABLE 1 Sz 
«d or of Ey. be zene Drluents 


vied of catai-: Srvene z 908.22 
velcety velcctry ethy. benzeve catalyzae, as 
passed . Jy by weight 
“¥ 
3 0.63 $2 91 231 velocity 
1.04 94 24.8 
3 25.4 Fig. 1. Dehyd-ogenation of ethylbenzene w:thout 
1.47 95 26.3 @ = relative % dehydrogenation; O = 
34 1,77 14.6 26 24.3 v:cld of catalyzae. 
6 191 16.0 . 9” 25.4 
235 2.40 95 34 
| A nse in the molar velocity of ethyl- 


benzene from 2 4 to 8 6 leads to a rise in the 
COMIC ECT Cota 15 6 may be supposed ‘hat polymerizat’on of the styrene 


Caced varie: pare ef comact catalyst Thy explanaiion ‘s confi:med by a corresponding 
the y-e.d Cf catety ore B2 to 
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Further Increase in mctaz velocity fiom 8.6 to 19,8 has no futher effect on the yields of catalyzate, or on 
ite styrene comemt. Th:s constancy of the relative depth of dehydrogenation of ethylbenzene, and its independence 
of duration of contact may be due to the reaction attaining thermodynamic equilibrium, The independence of the 
yiclds of catalyeates and of the relative depths of dehydzogenation (taken as being equal to the styrene coment of 
the catalyzges) of molar velocity {s illuswated by the curves of Fig. L 


The constant depth of dehydrogenation of ethylbenzene at different molar velocities has already been re- 
ported by other workers. Mar.kyan [8) obtained the. same yields of styrene from 1:2 ethylbenzene vapor-carboa 
dioxide mixtures at 600°, when the molar velocity was varied from 8.2 to 22.4, It may be supposed that sidee 
reactions could not significamly affect the constancy of the depth of dehydrogenation. The pyrolysis of ethyl- 
benzene and styrene, and the polymerization cf the tater have Seen studied by Marukyan and Tolstopyatova _ 
[10) for flowing systems; they found that variations in dusation of contact did not cause any considerable change 
in the extent to which these reactions proceeded. Thus at 575°, with a time of contact of 155 sec. 5.9% of the 
styrene was decomposed, as compared with 3.0% for 77 or 31 sec, 


It is quite obvious that the actual depth of dehydrogenation of ethylbenzene was somewhat more than the 
values found by us. The temperature of our experiments was such as would involve the reactions of cracking and 
polymerization. The depth of dehydrogenation at equilibru.m caiculated by us from free energy arid heat con 
tent functions was found to be 34% at 575°, which exceeds the experimental value by about 9%. This ditference 
is somewhat greater than the value for losses (cf. Column 4, Tabie 1) due chiefly to polymerization of styrene, 


Dshydrogenation of ethylbenzene mixed with hydrogen, nitrogen, or toluene was studied at molar veloci- - 
ties of 8.6-19.6. It was of imteiest to compare the experimenta! results with those derived from thermodynamic 
calcuJations based on our experimenta! results, instead of on the values given by spectrum analysis. Agrecment 
between calculated and experimental results woud be dec‘sive evidence in favor of the existence of a dynamic 
equilibrium. For the calculaticn of the equilibricm constants of the reaction we took-the value of 25% for the 
relative equilibrium depth of dehydrogenation of ethytbenzene in the absence of a dfluent; this value is the mean 
of those obtained in experiments 4-7, 34, and 35 (Table 1). 


The thermodynaiaic caleulations of- all the experumen’s of this research were made with the = of the well 
known equation [11] (compare with [12}), which for the reaction 


bB + =rResS 


Here 
PRPS. 


where Pas.. _g is the partial pressure of the ith reacting component, Pes i is the nurnber of moles of the i-th com- 
ponent in the equilibrium mixture, njy is the number of moles of inert diluent present in the equilibrium mixture, 


Kp = 7s » and P is the external pressure. 
c 


For the reaction C;H,—-CH,—CH, = C.H,—CH = CH, + Hy , conducted at atmospheric pressure without dilution, 

1 2 3 
and for dehydrogenation of 1 mole of ethylbenzene with producticn of x moles of styrene the sepatate terms of 
equation (1) will be equal to: a, = 1-z; 


Ng = Ny = x; P = 1; Nip = 0; + +c) = 2-1 FL 
Substitution of these values in equation (1) gives 


NAN, + Ny + Ny) 


The depth of dehydrogenation at equilfbr‘um was taken as 25.0%, whence x = 0.25, the substitution of wnich 
in equation (2) gives Kp = 0.0067. All furthes thermodynanne calculations were based on the value of Kp so found. 
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Dehydrogena‘:on of Etnyibenzere Dil.ted wth Hyd-ogen 


Addition of should equiltbriam the of d-m-nution of denydiogenation, and should 
lead to a lowering of the styrene content of the cata‘yates. Percentage conversion of ethylbenzene into styrene 
w:lt tren be determined by the degree of dilution with hyd:ogen. The depth of dchydrogenation calculated on 
the bas.s of the above de:ived equilibrium constam st:ould co'nc'de with the experimental values under two coa- 
ditions: (a) the reaction actcally attains equlibrium, and (b) the depth of the side reactions of polymerization 
and cracking remains constant whetiier or not diluent 1s used. In, this of experiments we wished to elu- 


cidate the effect of dilution with hydrogen on dehydrogena ion cf ethy!benzene, and to ascertain whether the 
catculated coincide with the experimer*alty found ones, 


In tne dehydrogenation of 1 mole of ethylbenzene, with production of x moles of styrene, and with dilu- 
tion of each mole of ethylbenzene with m motes d hydrogen, the equil: brium mixture will have the composition 
= 1x: My =x; Ng 2 mM. Substituting these expressrons in the left-hand side of equation (2) we obtain: 


n 
Kp * (My + + Ms) 
which after simple transformations gives 


x+m 
(1-x)(1 + x +m) 


(1 + Kp)* +(m + Kpm)x—Kp(1 + m) = 0 (> 


The results of all the eyperimens of this series are calculated from equation (3). The degree of dilution of ethyl- 
benzene wth hydrogen, m, was determined by dividing the mo'a: veweuy of hydrogen by that of ethylbenzene, 


The results obtained are presented in Table 2 and the values of columns 11 and 12 are shown in the graph 


of Fxg. 2 (lower curve). The styrene content of 
the cataly2tes fall with increasng dilytron from 
23.2 10 10.2%. For all ethylbenzene -hyd:ogen 
studied tne calculated vaiues were 3.0- 
4.5% lower tran me experimental ones; tte devia- 
tions are st:own in the last column of Table 2. 
Trese deviations could be predicted, as being a 
result of iah‘bition of the reaction of polymeriza- 
tion of styrene, with consequent rais:ng of the 
yield of-the latter. However, the small] and 
pracucaliy constant value of the deviations sug- 
gests that the reactions had amained equilibrium. 


The yrelds of catalyate obtained, as per- 
ceatage of ethylbenzene introduced *, are some- 
what higher than found for experiments without 
diluent (compare column 10, Table 2 with col- 
umn 4, Table 1); this testifies to lowering of 


depth of side reactions in systems diluted with 
hydrogen. 


Dehydrogenation of Ethy!ibenzene 
Vapor Diluted waite Nitrogen 


We next invest:gated whether dilution 
with nitvogen was analogous to conducting the 
reaction at reduced pressure. Given degrees 
of d:lutuon with n:trogen should, s‘milariy to 
g-ven teductions ‘n pressure, lead to the ob- 
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Relative of % 


REACTION 


Fig. 2. Dehydrogenation of ethylbenzcne diluted with hydro- 
gen, nitrogen and toluene: Jower curve - calculated from 
eq'ation (3) for nydiogen; upper curve - calculated from 
equation (4) for inert diluents (0 - for niuogen, x - for tol- 
uene, @ - for hydrogen). 


taining of y‘e'ds of styrene such as couid be calcuiated from equation(1). Shouid calculated and experimental 


retults be in 


agreement this would afford add:none: ev'dence of the attas»ment of an equilibrium state. 


In the échydrogenation of 1 mole of ethy‘benzene with production of 1 mole of styrene, the ethylbenzene 
Thrs refers to the amount of cthylbe.zene pissed over the catalyst during the experimem, 
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TASLE 2 
Dehydrogenation of Ethylbenzene Vapor Diluted with Hydrogen 
iMolar compos'tion. De- ¥teld of | Depth of dehy- | 
of the mixtures, % gree cadyzae drogenation.& | Dev- 
No, hgh Ethyl- of di- | Styrene} Calcu-' 


,ofethyl- gen in 
(NTP) 


Hydro= 


‘benzene Hydrogen 


benzene 


lutfoa ethylbeny content, lated tion 


being initially diluted with ajn moles of nitrogen (or other inert dilwent) per mole of ethylbenzene, the mixture of 


components of the equilibrium m*xture with diluent w-ll have the composition (see above): ny = (1—x); Ng = Ng = x 
and nj. Substituting these expressions into equation (1), and on condition that P = 1, we obtain: 


A series of simple transformations of this equation leads to 

(K, + 1)¢ + Kpn,..x —Kp(m, + 1) = 0 (4) 
All furzher calculations.are made by subst*tuting in equation (4). The dilution Nj, Was derived by dividing the molar 
velocity of nitrogen by that of ethy Ikenzene, 


TABLE 3 
Dehydrogenation of Ethylbenzene Vapor Dil:ned with Nitrogen 


i Molar compesitton | '¥ield of ; Depth of dehy- 
; Volume Velocity : Molar veloci of the initial mix~ De- cadyzze; diogenatior, % 
No velocity of nitro- Ethyl- qure, % gree .asQ@of Styrene Calcu- Dev- 
of ethyl- genin Nitrogen| Total : Of di- ethylben> content lated fa- 
benzene 1/hr (NTP) i Nitrogen. lution zene in- |! of cat- from tion 
& benzene} 


Nin troduced | eq(4). 
10 11 12 13 


9 

24 | 1.06 13.3) | 354 | 295 '295 | 0 

23; 0.98 96 i a6 ! 167! ass | sis | aa 87 | | | 
16 | 0.41 160 3.4 6.8 | 10.2] 235 | 66.5 20) 87 | 264 1325 
22: | 140 18:1] 30.9 691 | 2.2 | | | 
| 080 1400 [42 [125 -166! 247 753 | 41.7 | 416 40.1 
a1 | 04 | iso ‘128 | 165' 202! 02 
20 | 039 | 140 |32 fies | ist| 24176 |39 1 |433 
26 | 0.28 | 140 125 | 14.9] 161 839 |53 67 | 481 1483 -02 
19 | 0.24 140 (2.0 | 198 862.562 6 1495 09 


The results are given in Table 3, the values of Columns 11 and 12 being taken for the upper curve of Fig. 2. 
The difference between calculated and experimental values for depth of dchydrogenation docs not exceed 1.3% (last 
column). This good agreement {fs strong evidence that the reaction has attained a state of thermodynamic equilib- 
tium. The increased yields of styrene obtained when the cthyibenzene is diluted with ‘nert gases (nitrogen, carbon 
dioxide, steam) are therefore ascribable to displacement of the equilibrium point fn the direction of greater dchydro- 
genation, and not to the decreased veioctty of side reactions, 


| 
i 
29 2.8 10.2 2.6 | 12.7) 80.3 19.7 | 0.25 96 23.2 19.6 43.6 
30 1,21 - 56.5 710.0 4.9 4.9} 67.2 32.8 | 0.49 97 18.7 14.7 
31 | 0.92 14.9] 51.0 49.0 | 0.96 | 97 1.0 1/115; +45 
es 32 0.60 8.2 | 49° ; 1.3 12.2} 40.0 60.0 | 1.5 96 14.6 9.8 +4.6 ne 
33 0.64 13.8 5.3 i 12.3 17.6] 30.0 70.0 | 2.3. 97 12,7 8.6 
os: 28 0.32 13.8 . 2.7 12.3 15.0] 17.8 82.2 | 4.6 93 11.5 1.5 +4.0 Stik hn 
27 0.17 138 | 123 13.7! 105 895 18.5 93 10.2 43.1 
: 
P nny + Mn) (1—-x) (1 +x + 
| 
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It is of interest that the differences between calculated and exper:mental values are greater with hydrogea 4 
(3.0-4.4%) than with nitrogen (up to 1.2%). The depth of the reaction of polymerization of styrene is smaller ia | G 


piesence of hydrogen than jn absence of a diluemt, and this 's ascribabJe to two factors: the fall in the yields of 
styrene, and its dilution with hydrogen, These factors act in oppos.te directions when the diluent Is nitrogen; in- 
crease in the yields of styrene raises the velocity; of the polyermizatton. reaction, while dilution with nitoges 


reduces it. Asa result, the — of polymerization of styrene is practically the same with nitrogen as a diluent 
as without dilvent, 


The figures of Columa 10, Table 3, are of interes. They show that the y‘eld of catalyzae falls from 91 
10 65% as dilution with nittogen increases, whezeas comparable ditutions with hydrogen gave consistently high 
and pacticacty constant yie'ds (93-97%). This effect may be connected with the high thermal conductivity of 
hydrogen, which is 7 times greater than that of nitrogea 13} Under conditions in which ethylbenzene and styrene 


would have had t'me to condense from a hydrogen aumesphee, a stream of nitrogen would have carried some of the 
catalyzae from the receiver, 


Detydrogenation of Ethylbenzene - Toluene Mixtures 


It was remaiked in the introduction to this paper that the :ise ia depth of dehydrogenation of ethylbenzene 
due to dilution wth toluene has been explained [6) as be:ng a consequence of differences between adsorption of 
ethy'benzene amd toluene at the active centers of the catalyst. The adsorption factor cannot, however, have any 
s‘gnficance if the reaction has attained thermodynamic equ'librium; at this point toluene would act as an inert 


diluent, which shifts the position of the equilibrium pe_nt. Equal dilutions of ethylbenzene wath nitrogen or tal- 
vene should in that case give equal yields of styrene. 


The results of dehydrogenation of 4 ethylbenzene toluene mixtures, comaining 30, 56, 70, and 85 moL 
of toluene, are given in Table 4. Molar velocity was calculated from the volume velocity anj the density of 
the m:.xtuces, on the assumption that density follows the adduion rule. The depth of dehydrogenation was calcu- 
lated from the expression 100a/b, where ais the sty:ene content of tne catalyate, and b is the ethylbenzene con- 
tent of the org_nal mixture. The results are shown in Column 11 of Table 4, and by the upper curve of Fig. 2. 


TABLE 4 
Dehvdrogenation of Ethylbenzene Mixed with Toluene 


Compos-tion of initial mixture 


Volume . Molar Degree Yieid of Styrene } Jo dehydrogena- - 


No % by weight | mol. %e + velocity ofdi- catalyzate, coment ; tion of ethylben- Diff- 
Tolue Ethyl- ' Totue of mix-, of m:x- lution as % of mix-of cataly zene or 
benze benzene ; we ture zate, as % Fo wal Calc. from ence 
| | duced : by weigh ‘equa. (4) 


1 2 3 | 4 7 8 


. 10 27.0 710.0 


, 114 | 98 | 0.43, | 20. 

9 73.0 {27.0 | 700 | 300 202 173 9 (203 226 -08 

10 53.3 [46.7 | 50.0 | 50.0 1.67 | 146 Lalo} -20 

11 53.3 146.7 | 50.0 | 2.09 | 183 110 | 96 163 j306|324 | -18 

170.0 1.84 | 168 | 96 [352 38.7 | - 35 

(70.0 | 2.40 | 21.7 96 346 | 

36 17.0 | 152 , 849 | 2.62 | 15.0 | 5.6. | 97 | 63 137.0 | 493 
37 83.0 [151 1849 216 | 200 156 91 6.3 1 49.1 


The differences between calculated (from equation 4) and experimental values for depth of Jiladveibitliin 
for matures containing 30.50, and 70 mel. p of toluene are 0.8-1.2, i.0-1.8, and 3.5~4.1%, respectively. It has al- 
teady been po:nted out that the corresponding differences w:th nitrogen as diluent do not exceed 1.3%. Dilution with 
toluene (up to 70 mol. 4) thus gives the same effect as with nivogen, Toluene, in the same way as nitrogen, shifts 


the equuib:ium po.nt to the right, and adsorption of toluene at active centers of the catalyst does not s‘gnificantly 
affect tne demtn of dchydrogenation of ethylbenzene. 


When, however, the toluene concentration ‘s ra:sed 10 85%, the difference between calculated and experi- 
Mental vaiues increases to 12%, Ths abrupt rise :s ascr:bed to rapid inactivation of ine active centers at high 
toluene concentzations, There are icfe:ences in Ue [6] to :apid inactivation of the catalyst by toluene, 


and tn partcular by benzene (or, more probably, by the products of their transformation at the catalyst surface), 
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.and these observations agree with ours, We found that when equal portions of ethylbenzene-toluene mixture (70% 


toluene) are passed over the catalyst, the depth of dehyd:cgenation of ethylbenzene rises with molar 
velocity (Table 5). 


TABLE & 
Dehydrogenation of 3:7 ethylbenzene-ioluene mixtures 
Expt. MI of mixture passed Volume, Molar Yield of Styrene ne | Depth of d ‘of dehydro "Difference, 
No, before the during the velocity. velocit coment of | genation, | & 

| experiment experiment’ of the the as % of catalyzate, found caled, fr 
| 


j , mixture as% of wt! 
inueduced 


It is of interest that the depth of dehydrogenation of undiluted ethylbenzene remains constant over the same range 
of molar velocities (Fig. 3). Th:s difference may de explained as being due to rap'd inactivation of the catalyst 
by the products of transformauon of toluene; the faster 


es J the mixture passes over the catalyst, the less time is there 
=3 for toluene cr its transformation products to undergo adsorp- 
tion at the active cemers, Toluene thus influences the 
ga reaction ‘n two ways: as an ‘rert diluent it displaces 

yor ¢q1'l brium in the d:rectior of styrene production, but by 
exB = lowering the activity of the catalyst it reduces the velocity 
gs of the reaction. Hence the depth of dehydrogeration of 


4 ethylbenzene rises with increasing toluene content of the 
aul mixtures, bet at the same time the difference between 
calculated and experimental values also rises. 
Fig.3. Dehydrogenation of ethylbenzene with- 


out diluent, and diluted with toluene: e - Biscussion of 
ethylbenzene without diluent; o - ethylbenzene - The results of this research may be summarized as 
toluene mixture. foliows. The yields of styrene obtained by dehydrogenation 


of cthylbenzene without a diluent are constant over a wide 
range of molar velocities. Dilution with hydrogen causes a sharp fall in the depth of dehydrogenation, the experi- 
mental values for which are only 34% higher than the calculated ones. The depth of dehydrogenation rises with 
increasing nitrogen content of the mixtures, and these values agree well with those derived from thezmodynamic 
calculations; at equal dilutions the effects obtained w:th nzrogen or with toluene (up to 70%) are practically 
identical, showing that the react:on attains thermodynamic equ:librium, and hence that the effect of inert diluents 
is to shift the equilibrium point in the dicection of styrene production, 


However, not all the diluents usuatly considered as inert (CO,, H.O) are in fact inert. Thus it is known that 


the effluent gases obtained during detydrogenation of ert.ylbenzene dimes with CO, contain up to 50% of ae: 


monoxide [3], which may arise by one of the reactions: 
CO, +C = 2CO and CO, + H, = CO + H,O. : 


Both reqctions raise the dilution of the equilibrium mixture, owing to access of CO or 14,0, and thereby raise the 
yields of styrene. Apart from this, the oxidat:on of some of the hydrogen, and thus its removal from the reaction 


leads to a further displacement of tte equilibrium, Tolstopyatova [4] found a greater depth of dehydrogenation of 
ethylbenzene with carbon dioxide at 575° than we did with nitrogen, 


The oppos'te effect fs obtaired as a result of the reaction of steam with “coke*: H,O = CO H,; the 
hycrogen produced causes a fall in the yield of styrene. Our experiments showed that the yields of styrene were 
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22.5 tumes smaller when carbon dioxide in the mixtures was replaced by equal volumes of steam, Thus it appears 


that the y’eids of styrene obtained under the same conditions may vary according to the nature of the diluent, and 
the d:ffcrences may be due to kinetic as well as to thermodynamic factors, 


The results obtained afford further evidence that changes in the depth of reaction following dilution with 
inert substances or reaction products may be due not.to differences in the adsorption con:tants but to the reaction 
attawning its equilibrium point, These results may serve for the cr:t:cal sevis‘on of certain currently held views 
{1,3,4,5,6] on the role of inert diluents in the dehydrogenation of ethylbenzene, 


SUMMARY 


1. A study has been made of the reaction of catalyt.c dehydrogenation of undiluted ethylbenzene at 575°, 
and of its mixtures with hydrogen, nitrogen and toluene, 


2. It is shown that the seaction attains a state of thermodynamic equilibrium over a wide range of flow 
velocities, and that the role of inert diluents depends on displacement of the equilibrium point. 
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POISONING OF PLATINUM CATALYSTS WITH A LOW CONTENT OF ACTIVE METAL 
ON A CARRIER, UNDER CONDITIONS OF DEHYDROGENATION CATALYSIS 


Kh. M. Minachev, N. I. Shuikin, and 1. D. Rozhdestvenskaysa 


It has been firmly established that only very small amounts of po!sons are required for the inactivation of 
catalysts, as is shown by a survey of the extensive literature of the subject [1,2,3}, 


According to.N. D, Zelinsky [4) the cause of inactivation of metal-containing catalysts under conditions of 
hydrogenation or dehydrogenation catalysis, and {n the abserce of specific poisons, fs the formation of the so-called 
“carbonaceous film® on the catalyst surface. This film arises by the partial decomposition of the substrates, and 
by occluding the active surface inhibits the catalytic reaction. Zelinsky showed that surfaces thus inactivated may 
be reactivated by the action of atmospheric oxygen [5}, 


Shuikin, Novikov, 3nd Tulupova [6] found that rapid inactivation of a platinized charcoal dehydrogenation 
catalyst (5% Pr) took place with cyclopentadiene, l-ethycyclopent-l-ene, and allylcyclopentane, but not with 
cyclohexene or alkenes. This effect was ascribed ty the authors to partial dehydrogenation of five-membered 
cycles, to give labile dienes, the polymers of which occlude the active centers of the catalysts. In one of our 
earlier papers [7] we explained the fall in activity of platinum catalysts under conditions of occlusion of active 
centers by carboids as being due to the possibility of formation of qualitatively different active centers, able to 
promote fission of six-membered hydrocarbor rings, when large deformations of the crystal lattice exist. Freidlin 
and Ziminova (8) ascribe inactivation of catalysts to depromotion during the reaction, 


Rubinshtein and Pribytkova [9), im studying the action of thiophen on Ni-Mg catalyst of dehydrogenation of 
cyclohexane or of hydrogenation of benzene, found that the more highly disperse catalysts are the more resistant 
to poisons. On the basis of changes in the energy of activation of the reaction of dehydrogenation of cyclohexane 
according to the amount of poison inucduced, the authors draw certain conclusions regarding the mechanism of 


poisoning of catalysts (in the given case by chemosorption of the poison), and as to the heterogeneity of the cata- 
lyst surface, 


We know from the work of Zelinsky et al [10) that platinum catalysts used for aromatization of gasoline 
hydrocarbons are sensitive to the action of sulfus compounds contained therein, Thus Zelinsky and Shakhnazarova 
{11}, in their study of poisoning of platinized charcoal by sulfur-containing compounds in cyclohexane at 3C0-350°, 
show that the dehydrogenating activity of the catalyst falls regularly, but its desulfurizing activity is retained. The 
catalyst is reactivzted by passing pure.cyclohexane; the hydrogen liberated combines with bound sulfur, removing 
it as hydrogen sulfide. Zelinsky [19] represen ‘re processes of poisoning of catalyst by sulfur compounds, and of 
its regeneration, as follows 


+ Me MeS 2RH qQ) 
MeS + Hy Me (2) 
Inactivation of the catalysts is, however, studied in the researches quoted above only qualitatively. 


In planning this research on posoning of platinum catalysts, consisting of small amounts of platinum on a 
carrier, we hoped to elucidate the following points: 


(1) to determine the stability of catalysts of dehydrogenation of cyclohexane, according to the amount 
of poison introduced, and to the platinum content of the catalyst; 


(2) to find the relationship between molecular structure of the poison and its inactivating power; 


(3) to find changes in the energy of activation of the reaction of dehydrogenation of cyclohexane and in 
the pre-exponential term of the Arrhenius equation before and after poisoning of the catalysts 


(4) to find whether the poisons cause any structural change in the catalysts; and 


(5) to investigate the poss:Lisity of regencrating poisoned catalysts, 
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EXPERIMENTAL 


Catalysts. The catalysts were prepared from act vated charcoal, and contained 3.21, 1.41, 0.62 and 
0.37% of p!at:num: only the concentration of chioroplatinous ac:d was varied, all other conditions Leing maine. 
tained uniform. 


Poisons. The following catalyst poisons were used: n-propylmercaptan, soamylmercaptan, thiophea, 
thophan, diethyl sulfide, difsoamy! sulfide, hydiogen sulfide, and casbon disulfide, 


Cyclohexane, This had bp, 80.6°/760 mm, 0.7779 and njy 1.4263, 


Apparat»s. All experiments were performed under strictly standardized conditions. The reaction tube, 
d‘ameter 14 mm, was placed {n an electric oven 90 cm in length. 2.5 g of catalyst was: placed in a layer 
5.5-6 cm long, in the middle of the tube. The temperature was measured by means of a thermocouple placed 
at the center of the layer of catalyst; the temperature did not usually vary more than 41° during the experiments, 
Cyciohexane was delivered to the reaction zone at a uniform rate. by meats of an automatic burette with a piston 
propelled at a un:form rate by a sypchronous motor. The gas was measured by a burete: yolume 1000 ml, 
gad izted in 2 ml, with a constant level, 


e 


Exper’ ments. The catalysts were reduced in a stream of electrol;tic hydrogen at a temperature gradually 
r'sirg to 310°, the process taking 4 hus. Dehydrogenation of cyclohexane, w-th or without poisons, was conducted 
w thout addition of hydrogen, The effect of pousons was studied dy pass.ng 10 ml of cyclohexane containing 0.0005 
g of organic sulfur, at 280°. The extent of conversicn of cyclohexane .nto benzene was derived from refractive 
-ndex measurements of the catalyzate and from measurement of the volume of hydrogen produced, After poisoning 
the catalysts (before determining theu activity) the value of the activation energy of the reaction of dehydrogena- 
tion of pure cyclohexane (not containing poison) was determined, using poisoned catalyst. Activation energy was 
aso determined fer all catalysts before exposure to the poisons, 


In the kwetic experiments, the levelsef the piston and of the water in the gas piper were read afier the 
tequyed temperature had been reached, and the experiment was begun. The gas was passed through for 10-15 
min., during which time the temperature of the oven became constant. )ieasurements of the temperature, of 
toe volume of gas produced, and of the ainount of cyclohexane used were made every 5 min. The volume of 
hydrogen produced was recuced to NTP, taking into account the level of the wates in the gasometer for each experi- 
meat. The length of the experiments varied from 45 to 100 min, 


Kinetics of dehydrogenation of cyclohexane, using platiunum catalysts with different 
contents of metal. before their poisoning.-1 


In order to elucidate the mechanism of poisoning of the catalysts it was necessary to compare the 
k netics of the reaction with catalysts before and after poisoning. It had been established in preliminary experi- 
ments that the activity of the catalysts remains constant for a long time when used with pure cyclohexane. The 
gas evolved censisted of hydrogen with 1.5% of saturated hydrocarbons, apparently cyclohexare carried over by . 
the strong stream of hydogen These results showed that we could take the volume of hydrogen produced in ums 
time as a measure of the velocity oi dehydrogenation of cyclohexane. The rate of delivery of cyclohexane was 
aft ail cases 6.5 in] in S min, (volume velocity 0.65 liters per liter of caczalyst Per hyp. 


The results obtained are given in Table 1, and Fig. 1 represents the temperature dependence of veiocity 
of reaction. The points obtained all Ie on straight lines, show!ng that the reaction follows the Amhenius equation. 
As appears from Table 1, catalysts containing 3.21 and 1.41% of Pt gave results (Q and K,) differing by amounts 
c*use to the experimental error of the determinations. As the Pt content of the catalysts diminishes, the numbers 
of active centers rises relatively, being several times as great, for example, for catalyst No, 2 (1.41% Pr. These 
act've centers are evidently of lower activity, since increase in the number of active centers is associated with 


an ‘ncrease in activation enemy of up to 3300 cal/mol, this result being considerably beyond the limits of experi- 
mental error, 


Poisoning of catalysts 


The tune when hydrogen sulfide began to appear in the issuing ;,ases was Jound by means of preliminary 
eypeiiments, Qualitative reactions for thiophen in the catalyzate were negative, showing that the whole of the 
st fur introduced was held on the catalysts. The tables and cutves are based only on data obtained before appear- 
ance of hydrogen 1n the efflucnt gases, f.e., while the whole of the sulfur was 3111] bound on the catalys:. 
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TABLE 1 
Kinetic data for dehydrogenation of cyclohexane in presence of plati- 
x nized charcoal catalysts containing differem amounts of platinum 
Platinum Expt.: 
ccntem of No, 
catalyst, 
29 473 80.6 | 13.8 
45 30 '489 136.0 21.8 
3.21 31527, $35.0 , 85.8 14780 10° 
A 7 32 S19 364.0 58.4 
i 
17 $15 348.8 , 56.0 : 
* 976 488 135.0 ; 216 | 
1.41 79 473 740 , 35250 1.66-10° 
80 503 239.0 | 38.0 | - 
81 S26 468.0 15.2 
$9,536 4320 69.4 
7 ‘ 
60 526 330.0 : $3.0 
61:47 S40: 86 : 
Fig. 1. Dependence of velocity of 62,488! 920 146 
reaction on temperature, with the 0.08 63/507 1720 : 27.6 : 
catalysts: © - 3.21% Pt on charcoa): . 64 | 99 - 126.0 ' 20.0 ! 
- 1.41% Pt on charcoal; - 0.62% 651512 226.0 ' 360 | 
Pt on charcoal; A = 0.37%Pt on 66 388.0 622 - 
£9 528 3830 61.4 i 
Tables 2 and 3show %'dehy- 0.37 100 i 18080 1.07-10° 
101 503 141.0 . 22.4 ! 
drczenation of cyclohexane according 
‘ 102°479 $72.0 9.0 | 
i to the amount of sulfur inuoduced, and 103 491. 820 :138 ' 
to the nature of the sulfur-containing 
| compound, and Fig.2 gives typical 
poisoning curves. The introduction of 1-3 portions of; po:son has practically no effect on the activity of catalyst 
No. 1(3.2)% Pry. Successive further portiens each lower the activity by 6-10%, but the activity is still considerable 
{ even after 11 portions. The general process of poisoning of the catalysts is much the same for all the sulfur-con- 
f taining compounds, except for catalyst No. 1, which 1s inactivated more rap:dly by one group of poisons (propyl 
mercaptan, isoamyl] mercaptan, thiopher) than by another (diethyl and dissoamyl sulfide, thiophan, hydrogen 
sulfide). 
Fig. 2. Dependence of % dehydrogenation of cyclohexane on the 
amount of sulfur introduced: ¢ - drisoamy! sulfide, catalyst No. 2 


= 21% Pt on charcoal); @- n-propyl] mercafptan, same catalyst; 

-thiophen. catalyst No. 2 (1.42 Pt on charcoal); A - n-propyl 
catalyst No. 3(0.62%Pt on charcwal); - n-propyl 
mercaptan, catalyst No. 4 (0.37% Pt on charcoal). 


sulfide Catalysts No. 1 (3.21% Pt) and No. 2(1.41% Pt) were poisoned with hydrogen sulfide, mixtures of which 
with hydrogen were passed together with cyclohexane through the catalysts. Passage of 5 8 ml of hydrogen sulfide 
(containing 0.0054 g of sulfur) through catalyst No 1 reduced dehydrogenation of cyclohexane from 99.8% 
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(ny of catalyzate 1.5000) to 27.8% (nty of catalyzate 1.4412). Fassage over t catalyst No, 2 of 1.46 ml of hydrogen 
sulfide (0.0021 g of sulfur) reduces depth of dehydrogenat:on from 97.6% (nip of catalyzate 1.4980) to 14.9% (rif 
of catalyzate 1.4340), A comparison of the results obtained with hydrogea sulfide with those given by other 

sul fur-containing poisons showed that they all give approximately the same degree of inactivation of the catalysts - 
per unit weight of sulfur, irrespective of the aructure of the powson. It follows either that the mean life of the 
different molecules of poisons at the catalyst surfaces Is the same, or that the catalysts decompose the various 
poisons with production of nytregee wiih at about the same rates, in which case the poison Is actually hydrogen 
sulfide in all cases. 


we. . 


TABLE 2 


Dependence of % dehydrogenation of cyclohexane on the amount of sulfur innoduced inw catalyst No, 1 
(2.21% Pye 


%e Delrydr ogenation of cyclohexane 
j samy! thopten diethy!| dusoamyl! thiophan] hydrogen 
{Mercaptan; mercaptan sulfide 


1 0.0005 98.0 92.6 95.0 | 938 98.6 
2 0.0010 98.0 95.2 | 93.0! 886 | 892 93.6 
3 0.0015 tse.8 96.0 9.6 | 89.2; 862 88.6 92.3 
4 9.0020 | 926 | 88.0} 86.0 | 858 86.0 
5 0.0025 12.4 | 74.3 87.0 ' 87.7 | 83.0 82.4 82.4 
6 0.0030 66.4 720 : 820] 790 | 80.0 18.4 
1 0.0035 06 66! 768 73.0 
8 0.0040 47.8 $1.0 - $0.8 42.0 73.0 74.0 64.6 
9 0.0045 37.8 423 ‘394 64.6 62.0 53.0 
10. 0.0050 27.0 '328 208 s30; sis | sos j +0 
0.0055 19.4 2.8 :200 36.0! ' 408 30.0 


® Volume cf catalyst 10 ml, weight 2.5 g, containing 0.0830 g of platinum, volume velocity of reaction 


mixture 0.63. 


Calculations based on our experimental data show that the amount of sulfur which had to be added ia 
order to lower the activity by 70-80% amounted to S-?% of the weight of active metal comained in the catalyst, 
corresponding with 3 atoms of platinum per atom of sulfur. 


Dependence of poisoring of catalysts on nature of carrier 


The results described above show that the amount of sulfur required to poison platinum catalysts with 
charcoal carrier is quite considerable in relation to the content of highly dispersed platinum. It was hence 
thought that the nature of the carricr may play a significant role in the process of inactivation of the catalysts. 
This possibility was checked on two catalysts, in which the carrier was silica gel of ultra-porous glass. These 
catalysts were much more rapidly inactivated by sulfur compounds than were those with charcoal carriers. The 
atability of the catalysts feil in the series charcoal, silica gel, porous glass carrice. 


Poisoning of catalyst No. 5 (1% Pt on silica gei) was studied undc: the same conditions as for platinized 


charcoal catalysts, using thiophen as the poison; 7.75 g of cataly:t, containing 0.0775 g of platinum, were taken, 
and the results are given in Fig. 3. 


As is evident from Fig. 3 only 0 0022 g of sulfur is required to inactivate this catalyst, as compared with 
0.0055 g, of nearly 2.5 tumes as much for a charcoal catalyst of about the same platinum content 


Kinetic data for dehydrogenation of cyclohexane before and after poisoning of platinized silica gel catalyst 
are given in Table 4, and Fig. 4 gives the velocity 4empcrature curves. A comparson of the values of Q and K 
before and after poisoning shows that the fall in activity of the catalyst ‘s in this case also due exclusively to the 
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Expt. Sulfur 
No, | compound 
| inuoduced { 
ing | 


reduction in the number of active centers (cf. kinetic data for dehydrogenation in presence of platinized chaze 
coal); the energy of activation remains the same after poisoning, while Kg falls noticeably. 


TABIE 3 
Dependence of % dehydrogenation of cyclohexane on the amount of sulfur inuoduced into the catalysts® — 
Catalyst Sulfur | % Dehydrogenation of cyclohexane 
Compound | propyl isoamyi ~=—thiophen| diethyl; diisoamy!! thiophan hydrogen 

Amount of Mercaptan mercaptan | sulfide sulfide sulfide 

sul fur { i 

introduced i 

“in i 


No.2 0.0008 - 98.0 . 926 ‘92.8 | 90.0 | 934 95.0 | 92.4 
(1.41% Py 0.0010 86.0 85.0 81.0 86.6 87.0 78.0 85.0 
containing ; 0.0015 66.0 $5.8 54.8 55.0 56.0 51.0 65.0 
0.0353 g of. 0.0020 90.0 | 28.0 ‘25.0 19.4 188 216 44.6 
No.3 0.00025 836 | 8.9 j= - 86.0 
(0.62% Pr) | 62.0 634 i= - 618 |62 
containing 0.00075 36 308 - “8 6388 
No.4 0.00025 | 34 = lies 
(0.37% Pr) 0.00065 - ‘16.8 194 204 ~ 
containing | j 
platinum i i 


* Volume of catalyst 10 ml, weight 2.5 g, volume velocity of reaction mixture 0.65, 
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Fig. 3. Dependence of depth of 
dehydrogenation of cyclohexane 
on the amount of sulfur intro- 
duced, Catalyst No. 5(1% Pt 
on silica gel): 


Fig. 4. Relation between velocity of dehydrogenation of cyclo- 
hexane and temperature, on catalyst No. 5 (1% Pt on silica gel): 
1) before poisoning; 2) after poisoning. 


Potsoning of catalyst No, 6 (1.08% Pt on porous glass). The catalyst was poisoned with thiophen under the 
same conditions as for the preceding catalysts, 13 g of catalyst containing 0.1404 g of platinum being placed in the 
reaction tube, The results are represented in Fig. 5, from which it appears that polsoning of this catalyst requires 
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Only 0.0020 g of sulfur, Le. 2.75 times less than for catalyst No. 1, although catalyst No. 6 coatains 1.75 times 
more platinum. 

The experiments show that the nature of the care 
TABLE 4 rier profoundly affects the sensitivity of the catalysts to 


; the action of poisons. The relatively high stability of 
Kinetic data for dehydrogenation of cyclohexane ia 


{i platinized charcoal, as compared with platinized silica 
presence ef platinized silica gel. gel or glass, is connected with both the nature of the 
carrier and with its specific surface. 
Poisoning of catalyst No. 2 (1.41% Pr) with 
Before poisoning catbon monoxide. The effect of carbon monoxide oa 
3 1 | $37 344.0); 52.0 platinized charcoal under conditions of dehydrogenation 
i 2 | $21 233.0; 35.4 — catalysis has not yet been studied, We conducted ow 
| 3 4% 103.8] 16.0 14600 | 4.909-107 experiments at 280 and 300°. The rate of delivery of 
4 | 478; 56.4 8.6 . cyclohexane and the amount of catalyst taken were the 
5 521; 200.1} 310 same as for the experiments on poisoning with sulfure 
) 6 538} 318.0] 48.5 containing substances, In each experiment 10 ml of 
cyclohexane ard 100 ml of carbon monoxide were 
16 | 122 18.6 passed over the catalyst. The results obtained are rep- 
11 | 538 83 13.6 resented in Figure 6, from the curves of which it appears 
18 } 523 65 10.0 . that at 280° the activity of the catalyst falls to less 
9 | pee in ae 14650 | 1.255-10? than half after passing 91.4 ml of carbon monoxide, and 
20 | 5471 110 16.5 then falls by ancther 10-12%, after which it remains 


constant, 


A somewhat different picture is given 
by experiments at 3C0°; the first portions of 
poison lower activity to about the same ex- 
tent as at 280°, but further portions of carbon 
monoxide caused no more lowering of activ- 
ity. Catalyst poisoned with carbon monox* 
ide very quickly regains its former activity; 
thus the activity of the catalyst is fully 
restored by passing 20 mi of cyclohexane, Ss 
after poisoning at 280 and 300°. It follows ee. 
that carbon monoxide exerts only a transient ee 
action, 
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Study of the Kinetics of 


onde Dehydrogenation of Cyclohexane 


Fig. 5. Dependence of a 

| depth of dehycrogena- Fig. 6. Poisoning and regeneration With Poisoned 

tion of cyclohexane on —S_ of & catalyst containing 1.41% Pt on Preliminary experiments showed that 
the amount of sulfur charcoal: X — poisoning with CO at when cyclohexane is passed over poisoned 
introduced, Catalys 300°; A—poisoning with CO at 280°; catalysts at temperatures equal to or lower 
No. 6 (1.09% Pt on ® —regencration of catalyst pots- than that at which poisoning took place the 
glass. oned at 300°; © regeneration of activity of the catalyst remains practically 

: catalyst poisoned at 280°, unaltered, The results obtained are given in tae 

Figures 7 and 8, which show that the volume Pe 
' Of hydrogen evolved increasés Mnearly with time. These preliminary experiments permitted the study of the kin- 4 

etics of dehydrogenation of cyclohexane with Catalyst No. 1 (3.21% PtC) after poisoning with three poisons, with 
Catalyst No. 2 (1.41% Pt-C) poisoned with two poisons, and with Catalyst No. 3 (0.62% Pt-C) poisoned with one poison, 


The experimental results so obtained are given in Table 5 and in Figure 9, which shows dependence of vel- 
ocity of reaction on temperature. The points are all on straight lines, showing that the reaction follows the Arrhen- 
ius equation. A comparison of the values of activation encrgy for the catalysts before poisoning (Table 1, columa 
6) and after poisoning (Table 5, coluinn 6) shows that they remain practically unalicred, Thus changes in the actiy- 
ity of the catalysts must be due only to change in the number of active centers, as ts shown by the constancy of the 
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activation encigy and by the change in the value of Ky in Arrhenius® equation. 
Comparison of the values of Kg for catalysts before poisoning (Table 1, col- 
umn: 7) and after poisoning (Table 5, column.7) shows that Ky for pojsond? , 
catalysts is 2.5 10 22 4 than"thcts initial valués,! while thd’ acti- 
vation remain pradivally constant, 


lt foNows from the results presented that our catalysts are highly homo- 
geneous with respect to thelr properties. 


X-Ray Data for the Catalysts Studied® 


The structure of the catalysts used in this research was studied roentgeno- - 
4 graphically, before and after they had bee: poisoned with various sul fur-con- 
ae taining substances. The roentgenograms show that the pliase composition of the 


Time, 


Fig. 7. Dependence of volume of 
hydrogen evolved on time; catalyst 
(3.21% Pt-C) after poisoning with 


thiophan. 
& 
a 
2 a 


Fig. 8. Dependence of volume of hydrogen 
evolved on time; catalyst (1.41% Pt-C) after 
poisoning with n-propyl mercaptan. 


Fig. 9. Dependence of the velocity of dchydrogenation of cyclo- 

hexane on temperature, using catalysts poisoned with various sub- 

stances: O — propyl mercaptan (catalyst No. 1; 3.21% Pi-C); 

@ ~thioyhcn (same catalyst); diethyl sulfide (came catalyst); 
A — propyl mercaptan (catalyst No, 2; 1.41% Pt-C); - —thio- 

Catalysts fs not changed by poisoning, and phen (same catalys:); & — propyl mercaptan (catalyst No. 3; 0.65% 
that they contain only one crysialline phase Pt-C). 

—platinum. The results are given in Table 6. 


The platinum crystal lattice for catalysts containing less than 1% of platinum was an expanded one; this is 
characteristic of catalysts containing solid solutions of hydrogen, which would be formed in the special conditions 
of our experiments. A comparison of the lattice constants before and after poisoning shows clearly (in accordance 
with the absence of additional lines on the roentgenograms) that poisoning is not due to formation of compounds or 
solid solutions of the poison with platinum. The results of the X-+ay studies agree well with the earlier described 
experiments establishing the constancy of Q and the variability of Ky in the Arrhenius equation. 


It follows that both structural and kinetic data indicate that the mechanism of poisoning is one of blocking 
of active centers, but not of chemosorption, 


Regeneration of Poisoned Catalysts 
The regencration of poisoned catalysts is a very important problem in heterogencous catalysis practice. * 


We wish to express our gratitude to Doctor of Chemical Sciences A M.Rubieshtein, who conducted the rocntgeno- 
graphic study of the catalysts, 
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TABLE 


Kinetic data for dehydrogenation of cyc ohexane p.csen of piat_n- 
ized charcoal catalysts poisoned w.th susfur conte ng s..bst ances 


% Prin ‘No. of | 
Cata'yst 
catalysts experts dehydro Q K 
2 3 & 6 8 


513 72,0, 11.7 
$1 507 64.6 10,8 


3.21 $2491 33.4, 5.5 16046 P-opy! 
$3 529 135.0 , 22.0  mercaptan 

262 1366. 22.0 


2630s $41 112.0 18.0 

3.22 264 526 76.0 12.0 15220 4.5710? Th:cpran 
265 515 60.0 9.9 
266 526 81.0 13.0 


384 553 125.0 20.6 
383 543 1130 18.0 
3.21 384 535 97.8 16.0 15080 2.29-10° Dvetny! 
386 530 89.0 15.0 +4. : fede 
387 515 $90 
388 500 30.0 6.0 


557 1204 195 

9 345 107.6 17.6 

93 536 982 16.0 

1.41 94 6-526 68.8 11.3 15360 2.51-10° Prspyi 

509 44.6 1.3 netzaptan 
$6 490 22.4 3.6 

$7 499 29.6 5.0 

282 557 96.0 15.7 ; 

283 $47 $4.0 15.0 


1.41 2 531 59.0 9.6 16000 3.74-10° Talop-an 
285 520 422 ° 1.0 
286 510 32.4 §&3 


70 17.4 12.7 


; 72 $12 24.8 4.0 16360 3.82-10° Propyl 


0.62 


TABLE 6 


Changes .0 the crystal lattice constants 
of p.at‘rum ffecert samples of 
before Cpr aher 
Caras ysts po.soning, poisoning 


0.37 4.09 4,020 
0.62 3.998 ' 3.914 
1.41 ' 3.910 3.890 
3.21 3.880 3.850 


. were done on regenera- 


1.02 by means of cyclohexane of 

three pat.rum catalysts on different 
carriers po'sored with thf‘ophen, Cy- 
was passed at a vo?.me 
velocity of 0.65 1 per ! of catalyst 

per hr. at 300°, in 10 m! portions, 

T’.e results, presented in Fig. 10, 

show that piatin_zed charcoal very 
regairs its intial activity, 
afte: passage of 70 mi of cyclohexane. 


Plat'n‘zed siica gel also 
its activity, a:though the 
value is sot restored; activity 
ca-not be 1a_sed to the initial value 
of 84% dehyd-ogeration. Practically 
no regererat.on of platinum on porous 
g ass takes piace. This difference in 
the betav:o: of catalysts on 
different cartiezs after po‘son'ng with 
substance ‘/s of considerable 
anterest; tre season for the differences 
clear, ard further studies are re- 
qured, 


SUMMARY 


1. Potsoning by means of 
$4:far containing compounds of. dehy- 
d:egerating catalysts consisting of 
d-ffere-t concentrations of piat{num 
9: various catriers has been studied, 


The effect of al! the po’sors is equal to that of an equ:valtent amount of Lydcogen szifide. 


2. The structure of the po’son molecute does nct affect s-ggesting that they are aii decomposed 
at the cata)yst surface at about the same rate, wth production of hyd-ogen suifide. 


2. The amount of orgar‘cally combined sulfur requ'red to polsor the catsiysts {s proportional to the 


amount of platinur: contained therein, 


4. The zmount of sulfur requ’ted to lower the act‘y-ty of catalysts by 70 80% ‘s about 6-7 of the weight 


of platinum present on the carrier, 
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Phe tegencrability of platinum catalysts 
poisorved with one and the same substance varies 
according to the nature of the carrier, 


G. t has been shown experimentally that 
the activaticn cncryy of the reaction of dehydro- » 
genation of cyclohexane is the same for polsoned 
and unpolsoned catalysts, The value of the pre- 
exponential term of the Arrhenius equation is ten 


‘ times smaticr for poisoned than for fresh catalysts, 

{0 20 5 #0 50 & 70 §0 7 These data, together with crystal lamice data, ine 

mt.oF Ce dicate that polsoning of platinum catalysts is due 
Fig. 10. Regeneration by means of cyclohexane of : to occlusion of active centers. 
catalysts poisoned with thiophen: 0 - catalyst 
1.41% PtC; midd!s curve - catalyst 1.0% Pt on Received March 10, 1952 Institute of Organic 
silica gel; x - catalyst 1.09% Pt on gla Chemieny 
USSR 
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ELUCIDATION OF THE ROLE OF VARIOUS ADSORPTIONAL CENTERS IN THE REACTION 
OF HYDROGENATION OF ACETYLENE ON METALLIC NICKEL 


STUDY OF THE ACTIVE SURFACE OF NICKEL BY MEANS OF A DIFFERENTIAL ISOTOPE METHOD 


N. P. Keler 


The differential isotope method of Keier and Roginsky [1-4) gives unambiguous evidence of the reality of 
the existence of inhomogeneities of active centers of adsorption, from activation energies and heats of adsorption 
fos a number of rypical catalysts and adsorbents, This allowed us to make a definite choice between *repulsion 
and inhomogeneiry® when considering kinetic and equilibrium fsowherms different from those found for uniform 
surfaces, 


The experimental proof of the existence of inhomogeneity of active surfaces was of fundamental impes 
tance for the theory of adsorption.and catalysis. For contact catalysts with proven heterogeneous surfaces, 
however, there still remained to be solved an even more difficult, but not less fundamental, problem, viz., to 
determine to what extent adsorptional centers with different heats of adsorption and with different activation 
energies actually take part in the catalytic process. In spite of the basic importance of the solution of this 
problem for the clarification of the intimate mechanism of catalysis, and for the elaboration of a theory of 
the velocity of catalytic processes, it has remained unsolved, owing to the lack of a direct method for its study. 
The differential isotope method, in combination with a study of the statistics of the active centers and of the 
kinetics of the reactions, now affords us all the necessary means for the solution of the problem. 


The present Paper presents the results of a study of the role of different active centers for adsorpricn of 
écetylene on metallic nickel, in the reactions of catalytic hydrogenation and methane formation. 


EXPERIMENTAL 


The method depended on the study of processes taking place in the adsorption layer when two successive 
portions of gas were passed, of which one contained a labelled stable or unstable isotope. If the reaction is of the 
type 2ABC ———> AB2C +A BC, adsorption is followed by desorption with small portions of gas. The 

| isotope content of each component of the desorbed gas {is then determined, and irom this can be deduced from 
{ which adsorbed part of the gas the given component was formed. These experiments give a qualitative indica- 
' tion of the active centers at which the reaction takes place, and in which direction it goes. In the study of te- 
| actions of the type A + B———> AB adsorption of one of the components takes place in two portions, of which 
1 
i 


one contains labelled atoms. The catalyst is then treated with smal! portions of the second component, as a 
result of reaction with which the reaction products are evolved in the gaseous phase. Their isotope content 

is then determined, and from this it is concluded with which portion of adsorbed gas the second component had 
teacted. Knowing the dependence of the change in activation caergy of adsorption on degree of filling of 
active centers it is possible to deduce at which centers of adsorption the catalytic reaction had taken place, 
The change in activation energy according to degree of saturation is derived from adsorption measurements. 


1. Experimental methods 


The nickel used was prepared by the method of Bag and Egupov, depending on extraction with alkali of 
a 1:1 nickel-aluminum alloy.* The given catalyst had a surface of 154 1 sq.tn. per g, as estimated from the 
adsorption isotherm for benzene. Before each experiment, the weighed portion of catalyst was degassed at 300° 
and reduced with hydrogen at the same temperature (the catalyst surface underwent partial oxigation even when 
t it was stored under water), and was finally exhsustively degassed at 500°/10° mm. 


Ordinary acetylene was prepared from chemically pure calcium carbide, and was purified by repeated 


* The author takes the opportunity of thanking G, V. Isagulyants for providing him with the catalyst. 


4 
: 
; 
ct 
4; 
- & 
ae 
EM 
> ie 
. 
; 
2 
3 + 


fractionation in a vacuum apparatus. Acetylene labelled with C™ was prepared from labelled barium carbide, 
obtained from labelled barium carbonate by heating with magnesium by Maquenne’s method [5} We deter 
mined a temperature zegime for this reaction, which ensured a 75-05% yield of acetylene, calculated on the 
carbon taken, Ordinary ethylene was prepared by dehydration of ethanol over a catalyst. Hydrogen and oxygen 
were prepared electrolytically, and were freed of traces of oxygen of hydrogen, respectively, by thels combustion 
on palladized silica gel. 


The C™ content was derived from measurement of the radiation of berium carbonate, Ly means of 8 

counter with a mica window, thickness 4 mg/sq.cm. The specimens under measurement were placed on filtes 
paper discs 2 cm in diameter, and the radiation was compared with that of standard specimens obtained under 
identical conditions from the original labelled acetylene, It was necessary, owing to the softness of the c* 
radiation, to introduce a correction for its absorpzion by the emitting sample itself; this was effected by means 
of a calibration curve connecting specific activity of specimens of barium carbonate prepared from labelled 
acetylene with weight of precipitate. The C™ content of any carbonaceous gas was determined by burning ft 
at an electrically heated platinum wire, and absorbing the carbon dioxide so produced in aqueous barium hy- 
droxide, which was then filtered, to collect barium carbonate, 

| . 


The apparatus used is shown in Fig. 1. The part B beyond the cocks 14 and 13 served for burning the gas 
under analysis and for absorbing-the resulting carbon dioxide. Before introducing the gas, this part of the apparatus, 
with the absorption tube 6 attached, as shown in Fig. 1, was exhausted to a vacuum of 10°5 mm, and the gas was 
transferzed from the reaction vessel 1 into the combustion vessel with the aid of a special diffusional mercury- 
condensational pump 5. The oxygen needed for combustion was taken fiom flask 7, at a pressure controlled by 
the manometer 8, in amount in excess of that required. The carbon dioxide formed was frozen out of the com- 
bustion gases, in a side-aube of the combustion vessel, and was then transferred to the wap 9, from which it was 
removed by means of a stream of CO, free nitrogen, which swept it into the absorbent tube 6, the construction 
of which is clear from Fig. 1. 


The cocks 10 and 11 were closed when all the carbon dioxide had been swept out, and the baryta water 
was slowly passed through the filter, to collect barium carbonate. The filter paper with precipitate was dried 
to constant weight before measurement of its B+adiation. The overall error in determining specific B-activity 
was taken as being identical with the ezror involved in determining the weight of the precipitate ©, since the 
error incurred in measuring B-activity by means of a counter may be made vanishingly small, by prolonging the 
time of counting. The accuracy thus varied according to the amount of precipitate formed, the error amounting 
to 20% or more for precipitates recite 0.5 mg or less, # 10% for 1 mg, and +2% for 5 mg. 


Analysis of gas. The ie 
acetylene content of its mixtures te a 
with ethylene and ethane was ee. 
determined by its adsorption on 
nickelous oxide, prepared by the 
thermal decomposition of thoroughly 
washed nickel carbonate. Adsorption 
proceeded with great rapidity, at s 
velocity many times greater than 
that of ethylene, which could be 
totally eliminated by heating the 
oxide in vacuum at 400° for 3-4 hrs, 

The partial pressure of acetylene 
dié not exceed 10° mm after the 
separation, Ethylene was quantitae 
tively separated from ethane by 
absorption in a solution of HgSQ, 


Fig. 1. Sketch of apparatus: 1) reaction vessel; 2) trap; 3) vessel fos in sulfuric acid, 


combustion of gases under analysis; 4) flasks for storage of gases; 
mercury diffusional pump; 6) absorber,,7) flask; 8} manometers 
5-16) McLeod manometers, 
© The inaccuracy = the determination of the weight of the precipitates Is connected with their variable water 
content, resulting from their hygroscopicity, and amounting to 0.5-0.1 mg. 
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2. Study of active surface by means of the differential tsotope method 


In distinction to ethylene, which was not adsorbed in appreciable amount by our catalyst, acetylene was 
actively adsorbed, in appreciable amount, at :oom temperature and below. Adsorption of acetylene was studied 
in static conditions in a vacuum apparatus, apply'rg a previously described procedure (6-7), without any modifi- 
cation, Our first experiments showed us that only a part of the acetylene is adsorbed reversibly; the amount 
irreversibly adsorbed varies according to the activity of the given catalyst. Up to 40% of the surface of a specimea 
of nickel placed in the reactor in a damp condition bound acetylene irreversibly, as compared with only about 
10% when the catalyst was first dried in a current of nitrogen; total adsorption in the latter case was also much . 
smaller. The surfaces of the two specimens were approximately equs.. as determined from the equilibrium 
isotherms for adsorption of benzene. 


Desorption at over 150°.of acetylene adsorbed at room temperature leads to evolution of methane and 
hydrogen, together with acetylene, although evolution of hydrogen was not observed during'the adsorption 
process. At 500° it was found that 30% of adsorbed ethylene was recovered unchanged, and of the remaining 
10% about 14% was accounted for by production of methane. The remaining acetylene underwent decomposi- 
tion with production of hydrogen. 


Experiments involving the application of the differential isotope method were applied to investigation 
of the uniformity of the active centers. Two portions of acetylene were adsorbed successively on a weighed 
amount of catalyst. The first portion consisted of ordinary acetylene, using 1.267 ml per g, and the second was 
labelled acetylene, (0.148 ml per g), being 90% and 19% of the total amount adsorbed, respectively. After 
completion of adsorption the reaction vessel was exhausted to a vacuum of 10° mm, for 2 min, after which 
desorption was effected by raising the temperature, simultaneously evacuating the desorbed gas from the reaction 
vessel to the space B by means of pump 5 (Fig.1), which maintains a vacuum of 10°“:am over the catalyst. In 
the portion of acetylene desorbed at up to 55°, representing Jess than 3% of the amount adsozbed, specific activity 
was only 34 0.5% of that of the original labelled acetylene, adsorbed in the second portion, It may be concluded _ 
that the desorbed gas originates, to about 97%, from the first portion of gas adsorbed. The fc: ther portions of 
desorbate, containing methane and hydrogen, were not analyzed. 


It follows from the results of this experiment that the surface is not uniform; !f it had been, the probability 
of desorption of any molecule oviginating from the first or second portions of gas would have been equal, and the 
Gesoibed gases should have contained about 10% of Tabelled carbon compounds, whereas in fact they contained only 
3%. It follows that there is no simple relationship between the activation energies of adsorption and desorption. 
This conclusion was confirmed by further experiments with labelled acetylene. 


In these experiments, two, and in some cases three, portions of labelled and ordinary acetylene were passed 
over the prepared catalyst surface, in cifferent orders. The first portion was usually totally adsorbed, while the 
second was adsorbed more slowly; the process was in many cases interrupted by pumping off the residual gas. 


The first portion of hydrogenation products was removed from the surface at room temperature, by placing 
the catalyst with adsorbed acetylene in contrast with hydrogen. As a result, ethane and ethylene are formed, 
the former not being adsorbed on the catalyst, and the latter only very slightly. A considerable pan of the hydrogea 
taken undergoes adsorption, without being used for hydrogenation. 


The reaction gas thus obtained, under conditions of excess of hydrogen, consists chiefly (85-90%) of ethane. 
It was noticed that the ethylene content of the first portion of desorbed gas was lower than in subsequent ones. 
The whole of the adsorbed acetylene which is capable of hydrogenation does so at room temperature. Ethane and 
ethylene were usually absent from the gas obtained by treatment with hydrogen ‘at higher temperatures, up to 200°; 
it ccntained methane, together with some acetylene which did not under these conditions undergo hydrogenation, 
In order to be sure that hydrogenation takes place at those active centers at which adsorption had taken place, but 
that it does not take place at some other kind of active center, to which the acetylene fourd in the desorption gas 
had been bound, a number of experiments were performed, in which prolonged desorption was carried out at room 
temperature, before admission of hydrogen, freezing out the acetylene in a special trap. 


All the gaseous products obtained by the above methods from the catalysts were analyzed for their c¥ 
content; ethane and ethylene were analyzed together. Knowing the C™ content it {s possible to cstimate how 
much each succeeding portion of acetylene had contributed towards the formation of the given reaction product, 
Analysis showed that with low degrees of saturation of the surface, up to 307s, there fs no exchange of acetylene 
inoleculcs adsorbed from the first portion of gas with those of the unadsorbed part of the second portion, although 
this docs take place to a small cxtent (up to 5%) with higher saturations, The experimental results are presented 
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ta Table 1; the catalyst was meta'lic niche! fpvodaced wet into the seaction vessel, © 


The fist experiments showed thet not centers of sdsozption are catalytbally active for the hydrogens- 
tion reaction, Ifthe probab‘Hty of resctinn of al! edsorbed molecules were the same, we should expect the c™ 
content of any of the portions of ethane obteined to be equal to the mean valve for edsorbed acetylene; we 
found that th!s was never the case, Ths in Expe:tment 12 two portions of acetylene were adsorbed oa 0.65 g 
of catalyst, The fi: portion consisted of 2.81 m! of ordinary acetylene, sufficient to cover 40H of the catalyz 
surface (the area occupied by 1 motecule of acetylene was taken as 6-10" * sq, cm.), and the second was 1.23 
ml of labeUed acetylene, cove: ing 20% of the surface; the average content of Jabelled acetylene in adsorption 
was Wh. 


In this experiment, the esse over the catalyst was lowered to 10°* mm for 1 min. before admitting 
hydrogen, Ethene and acetylene in the fswaing gases were separated out by freezing in liquid altrogen, The 
ethane was separated, and transferted '0 the combustion vessel, and tts C™ content was determined; it was found 
to be 574 2% of tts the init!) portion of "themed acetylene, Hence this portion of ethane contained 
of hydrngens:ed acetylene molecules froia the ordinary acety'ere adsorbed from the first portion, and 
from the second. Attogzihe:, 4.0% of the sdso:bed a etylene unde-went hydrogenation in th’s portion, 


A second poston of hydroge left fn contect with the catalyst for a long time at room temperature hydro- 
genated only 0.8% of the a exytene, the gas evolved ror being analyzed. A thisd postion was obtained 
by heating at vp in 1£0° in presence of hydoogen, and im these conditinne acetyJene was deso:bed; almost all of 
this (S4+1%) was derived fiom ine secard, portion of acetylene. With fucther rise temperature, in 
aherce of hydrogen, a gas Conte con Condensing «2 -182° was obtalsed, 2nd this gas was 
shown to consist of mechane and ontains methare at 150-200", bur the hydrogen content 
rises with iempersins above this, The elites! sbsence of C™ (340.9%) fom methane desorbed at 
400° testifies to its Eom tre first of edsarbed acetylene, 


Tris thes ggests the peeve of three groups of active centers: (1) active centers at. 
wick reversibte prina of -cerelane takes place, bit not (2) active centers of adso: pion 


at piece, acd (3) active camess of -dsorption at which formetion of methane and 
hydiogen tabes place, 


Tt was thorghi *9 he of totems: to ficd the energy of activation of adsorption at the centers where inethane 
is formed. With ths object, in etpecurert 13 three successive postions of acetylene were adsorbed, instead of 
The usual the firs: eorsisted of 0.328 m! of labelled acerylene (sbom 16% of the tota] amount adso»bed), the 
sscord of 1-342 mm (54.6) of tere! adsorbed) or ecerylene, and the third of 0.619 ml! (about 20% of total 
adsorbed) of t2betled acetylene. In this ««perisrent the fisst portion of gas was subjected to desorption fo: 170 
mir, al room ducing which time only of the amount adsorbed had been removed; the co:tesponding 
figures for the end ird po:t’ons 2.4% and 1.6%. Desorption was then continued for a further 15 hrs. 
at bat the amount of gas so covected wes imsufficient for analysis, The next partinns of gas 
were ce noved by hvdrege nation at about 2.9% of the acetylene underwent hydrogena- 
tion, during 242 min, The erhare (containing caces of etrylene) so formed was derived (66%) from the second 
(34%) trod poztsons of acety'ene, 


at inthe previcns experimen, salng the temperature to above 100°. leads to evolution of acetylene and 
mehane, a cmall of hydrogen. The acetyiere had a higher content, as compared with that of 
the ethane, Deteracnaiion of the CY coment of the methane showed that {1 was formed chiefly fom the carbon of 
the second pom ion of adyorbed acetylene, The higner the temperatuce, the lower ts the C™ content of the methane. 
This the methane collected over the intersa: 100 200° contains 104 1% of its carbon derived from labeUed acety- 
Jene, while in the fotlow:ng three portions evolved at temperatures up to 500°, the C™ content falls to cero. Less 
than half of the carbon of advorbed acety'ere is found in the gases released at up to 500°, nor do they contain any 
carbon de:ived from the fist portion of scetylene adsorbed. 


This experiment shows clearly that methane ts forrred at active centers of intermediate, but not of mini- 
Mum, sctivetinn enegizs, theme enre-gies heing lower than faz those associated with revers‘ble adsorption of 
acetylene, at which hydrogenation alsa proceeds, M appc:s from cxpertinents 14 and i2 that hydrogenation 
proceeds for the given specimen of r'c kel at adsorptional active centers conesponding with 42-49% saturation 
of the At higher siturctions acatytens ts teversibly adsorbed, but dots not enter into reaction, while at 
* The catelyst, heving pyrovhoric propert’ss, wes usually stored under water, 
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TABLE 1 
Expt, Samplq Consent of Tempe Amount Method of Conditions of adsorption of 
No. No, | labelled aces of carbon removal acetylene - 
tylene carbon removed: 
sorpica 
12 Ethane+ Room 4.6 Hydrogenation Weight of catalyst 0.65 g ‘ 
acetylens 
‘ 2 Not analyzed Ditto Dito 8 =—s 0.76 e I. 2.81 mi of ordinary acetylens 
adsorbed; saturatton of surface 
3 , 9641 Acetylene 120-150' Heating, Hy 
4 Not analyzed Methanee 200 Heating 1.23 ml of labelled acetylene 
adsorbed; saturation of surface 
‘Dine 300 Ditto 19.8% 
6 3403 400 Average content of labelled 
j acetylene at-the surface 30% 
31 40+1 Acetylene Room 4.0 Desorption Weight of catalyst 0.65 g, from: 
2 | 34+ 3 Ethane Dito 2.4 Hydrogenation 1. 0.328 ml of labelled acetylene 
acetylene adsorbed; 15.7% of total adsorbed 
acetylene. 
3 60+1 Acetylene 50-100 9-30 Desorption 
14 10+1 _ Methane 100-200 10 
5 507 !Dino ‘200-380 8 ° IL. 1.142 ml of ordinary acetylene 
! adsorbed; 54.6 
6 140.2 ° 400 4 
485 5 Ill. 9.619 ml of labelled acetylene 
8 Notanalyzed $00 2 adsorbed; 28 2% of amount ad- 
| i a sorbed, mean content of labelled 
acetylene 46% 
4 2441 Acetylene Room - Desorption, Weight of catalyst 0.4796 g 
| 15 hrs. 
2 15S¢ 3. Ethane + Ditto - Hydrogenation 1. 0.92 ml of ordinary acetylene 
acetylene 4 hrs adsorbed; 20% saturation of 
: surface 
28¢1 Ditto Hydrogenation 1.019 ml of labelled acetylene 
: | 15 hrs adsorbed; 22% of surface occupied 
i 4 8+ 0.4 Acetylene 20-175 - Heating, ¢ Hg ‘IM. 0.545 ml of ordinary acetylene 
: : adsorbed; 10% of surface occupied; 
i ’ mean content of labelled acety- 
15 1 374 1.6 Acetylene Room - * Desorption Catalyst from experimem 14 
I. 1.37 ml of labelled acetylene 
l 2 ' 2042 Ethane ‘Ditto - Hydrogenation IL 0.224 ml of ordinary acetylene 
‘ adsorbed; average comer of 


labelled acetylene 85.8% 


lower saturations methane is formed. Acetylene adsorbed on the most active centers, in the region of small 


saturations, undesgocs a transformation as a icsult of which hydrogen is evolved on heating, and a- carbide type 
of carbon-nicke] bond fs formed, 
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Expt. Sample Content of Gas _ Temp,,"C, Method of Conditions of adsorption of acetylene 
No. No. labelled ace- removal 
6 1 (2502 Acetylene Room Desorption Weight of catalyst 0.5 g 
2 13¢ 0.6 Ethane Dino ' Hydrogenation 1, 0.589 ml of lebelled acetylene adsorbed; 
i saturation of surface 12% 
: 34 Not analyzed Room- Desorption IL 0,196 ml of ordinary acetylene adsorbed; . 
100 ; saturation of surface @ 
5 Methane+ 350 ‘Dino 
4 
6 46¢ 1.5 Ditto , 450 e Mean content of labelled acetylene 7% 
1 1 1440.8 Ethane Room Hydrogenation Weight of catalyst 0.5 g 
2 lle1 Ditto Dino ‘Dino — . 1. 0.365 ml of labelled acetylene adsorbed; 
: : ; saturation of surface Sh 
3 3542 Methane 450 Desorption _Il. 0.156 ml of ordinary acetylene adsorbed; 


_ saturation of surface 3%. Mean content of 
labelled acetylene 10% 


Table 2 presents the results of two similar experiments, in one of which the catalyst was first dried in a 
stream of nitrogen before being introduced into the reaction vessel. The object of the experiments was to 
determine the order of magnitude ef the activation energy of adsorption of acetylene at hydrogenation centers. 
The experiments were performed as described above. A 0.5 g sample of catalyst was placed in the reaction 
vessel, and was reduced with hydrogen hefore the experiment, at 450° in experiment 16, and at 300° in experi- 
ment 17, with subsequent degassing at the same temperatures. As appears in Table 2 it is the acetylene of the 
second portion which undergoes hydrogenation in both cases. The saturation of the surface is in these experi- 


ments much lower than in the preceding ones, in accordance with the lower adsorptive activity of the givea 
specimen. 


The experiments show that hydrogenation proceeds basically at active centers corresponding with a 12-16% 


saturation of the surface, and with an activation energy of 15-16 kg cal/mol, as found from adsorption measure- 
ments, 


3. Discussion of results 


The above-described experiments show that the active surfaces of the catalysts examined contain active 
centers which differ from each other in respect of their activation energies and heat of adsorption, as well as 
of their catalytic properties. We observed the following reactions of acetylene adsorbed on metallic nickel: 
1. 

3. (Ga) agg, * 


+ 


4. alt 


The fira three processes took place during desorption of acetylene at room temperature. 


(a) Reversible adsorption of acetylene. When we adsorbed two portions of acetylene, of which one contained 
labelled carbon, we found that the first portion of acetylene desorbéd at room temperature consisted of both portions, 
in various proportions. Successive portions desorbed at higher temperatures consist to an increasing extent of the 
second fraction of acetylene 2dsorbed. In experiment 13 the first fraction desorbed at room temperature contained 
40% of the last adsorbed fraction.of acetylene. The second portion, desorbed at 50-100°, contained 60+ 1% of this 


fraction. In experiment 14, the first portion desorbed at room temperature contained 70%, and the second, desorbed 
at 175°, 92% of the last adsorbed fraction of acetylene. - 
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Thus desorption does not begin with the act.ve centers of max.mum Eg, , at which adsorption takes place 
last, but with the more active cente!s, comesponding wth tower saturation of the active surface. This is evidence 
of the complex nature of the relation between act!vat'ou energy of adsorption and desorption. Fig. 2 represents 
one of the possible variants of the relation between Eads, and Eyes. *Plaining the effects observed, 


The minimum activation energy of desormioa 
corresponds with the value of act‘vation energy Ey. At - 

low leve's of saturation, not attaining the minimum 
values of act!vation energy of desorption, desorption 
begins at the active centers having the maximum energies 
of activat:on of sdsorption; at saturation levels exceeding 
this value desorpt:on will, irrespective of the satuation 
leve). take piace first of all at the active centers for which 
the va‘ue-of E ads, = Ee In the case Of adsorptior of two 
portions of scety!ene, of which one is labelled with C™, 
the ratio of lebelled to ordinary acetylene in the desorbed 
gas will deperd on how much of the active surface has 
been filled by the first portion, with relation to saturation 


co responding minimum values of activation energy 
of desorption. If tte adsorption boundary between the two 
igh turation value corr nding 
Fig. 2. Schematic representation of the rela- por:<ow Kes to the sight of the satura pea 
with deg then the fest deso:bed fraction will contain. 
tionship between energy of activation of de- Rapier’ es 
acetytene orig’rating from the portion first adsorbed, while 
sorption and of adsorption Eads. Region 
$. if to the Yeft it will originate from the second portion. If 
a-b: methane forming ceuters; b-c hydrogena- g 
ting cemen. the boundary Ves close to the s2turation value corresponding 


with Emin.des.» then the first and all succeeding desorbates 
w!] be made up of both edsorbed portions. In this, in view 


of the proportionatity of E54, to the logar:thm of saturation 
(for an exponential type of function of distribution of active centers according to E34; ), the content of acetylene. 


derived from the last portion adsorbed will increase in successive desorbed fractions of acetylene; this was in fact 
confirmed by experiment. . 


The region of reversible adsozpt!on on an active specimen {s at a saturation of 45%. In experiment 12 
the boundary between the first and the second portions adsorbed (of which the second contained labelled c% 
is at 45% saturation. The first fraction of the hydrogenat‘on product, which usually differs little from the first 
desorbed product with respect to irs cM content, contains 57% of acety’ere of the last portion adsorbed. B 
follows that the adsorption boundary between the two portions of acetylere ¢s ‘n this experiment close to the 
saturation value corresponding with minimum desorption activat’on energy values. Since the velocity of desorp- 
tion is determined by the value of desorption activat'en ere'gy, succeeding itaaions of desorbed: gas should 
contain acetylene from active centers of activaticn energy borh t ‘ger and lower than Ey Mowever, irreversible 
adsorption takes place ia the region of low act:vation ene-gy; here the adsorbed acety'ere either undergoes 
decomposition or enters into reaction faster than ‘t can be desorbed from che surface. In view of this succeeding 
portions of desorbed gas will contain more of the atety'cne whict. had been adsorbed on centers of high activation 
energy, f.e., more of the acecylene adsorbed fom the second portion, 


The acetylene desorbed at 120-150° !n experiment 12 contains 96% of the acetylene from the second 
portion adsorbed. In experiment 14 the boundary of adso-pt’on between succeeding portions is at 42% saturation, 
i.e., at a lower saturation than that corresponding with Emin.des.- Accordingly, the acetylene desorbed at room 
tem perature contains 75% of acetylene from the Vast adso'bed port‘on, Le., more than in experiment 12. The 


fraction desorbed at higher temperatures, up to 175° as in experiment 12, cortains 92% of acetylere from the last 
adsorbed portion. 


The experimental data thus agree with the assumed te'atiorst'p berweer ard Eye, . We have already 
encountered this type of relationship when studying the k'netics of dcso'ptton of activated adsorbed hydrogen on 
sugar charcoal [8). In that case this character was even ber'cr defined, giving rise to a series of anomalies in the 
kinetics of desorption, and leading to appearance of *reter.a" zones® ‘9 adsorption on charcoal which had been 
parthy degassed after adsorption thereon on hydrogen, We would add tat such a connection between energy of 
activation of adsorption and desorption may occur when the d'stibution functions of act've certers according to 
activation energies and heats of adsormion are not of the saine type. This in torn requires that the linear 
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relation postulated by certain authors between activation encrgy and heat of adsorption should not be present. 


(b) Additional experiments were performed, dealing with the kinetics-of hydrogenation and ‘adsorption 
of acetylene, in order to establish whether the adsorptional mechan‘sm of hydrogenation ts basic to the proces, 
This was shown (o be the case, and a group of hyd:ogenating centers was found in the catalyst which determined 
the kinetics of the reaction. The results obtained from the study of the active surface by the differential Lsotops 
method, and from the kinetic study permit of the drawing of definite conclusions regarding the mechanism of 
formation of methane and of hydrogenation; these will be considered in the next paper. 


The author has pleasure in expressing his gratitude to S. Z. Roginsky for his valuable advice, and for the 
interest he took in the carrying out of this research, 


SUMMARY 


1. The active surface of a nickel catalyst is not uniform with regard to activation energy of adsorption of 
acetylene. 


2. Hydrogenation of acetylene takes place at certain of the centers which adsorb ecetylene reversibly, 
These centers occupy 4-6% of the surface, at the boundary between reversible and irreversible adsorption, 


Formation of methane takes place at active centers with higher heats of adsorption. Decomposition of 
acetylene with liberation of hydrogen takes place at the active centers with the highest heats of adsorption. 


3. The non-linear natuse of the relation between E,4, and Eye, is established. 


Received June 23, 1951 Institute of Physical Chemistry 
Academy of Sciences USSR 
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COORDINATION NUMBERS OF THE IONS Mg®*, Ca®*, sr**, AND Ba®* IN AQUEOUS 
SOLUTIONS 


QO. Ya. Samoilov 


Tt was thougt: to be of ‘nteress to extend to bivalent fons the results descr’bed in our previous papes [2). 


for univalent ions, and to determine the integral heats of dissolution of Mg, Ca, Sx, and Ba chlorides in 
aqueous HCL. 


The salt MgCl,-6H,0 was p-epared by storing the commercial salt (analytically pure) in a desiccator 
over 68% sulfuric acid at 20°, to constant weight, which was ususlly achieved in abo.t 6 weeks. Calcium, 
suontium, and barium chloride were taken in the anhydrous form; strontium and barium chloride (chemically 
pure) were dehydrated by heating their mixtures with chemically pure ammon‘um chloride (in o:der to avoid 
hydrolytic decomposition) until a!) the NH,Cl was eliminated. Calcium chloride dihydrate was prepared 
similarly, and was dehydrated by me't'ng in a platinum crucible. 


The amoznts of the sahts taken for the calorimetric 
experiments were sch that the concentrations obtained 
(coristant for each salt) were from 0.03 to 0.06 g mols. 
of salt per 50 g mols. of water. The integral heats of 
dissolution -were measured in a calorimeter with an 
outer jacket matntained at a temperature of 2540.01°, 
The methods used in making the measurements were 
identical with tose described in an earlier paper [2} 
After weighing out samples of MgC',-6H,O the tube 
with the salt was replaced in the desiccator for 23 
days, until the weight became constant, 


The results of determination of integral heats of 
dissolution are given in Table 1, ard are represented 
in the graph. The concentration of acid m is expressed 
as g-mol. HCl per 50 g-mol. water, and the heat of 
dissolution L as kg.-cal pez ‘mole of salt. The curves 
are distributed along the ordinate axis (retaining the 
same scale). The heats of dissolution of BaCl, are 
given only up to a HC} corcenvation of 1.65, in 
view of the low solubility of this salt in hydrochloric 

acid. The var‘ous determ‘nations of L were accurate 
pe phe hima to within 1% on the average; the low heats of dissolution 
of MgC1,-€H,O were an exception to this. 


Table 2 gives the values of 8 ¢al/mol 1 m) for the sats studied (B = — AL/Am; Al/Am are derived from 
experimental results by the method cf least squares). 


Inasmuch as the tons under examination are bivalent the values of B should be halved, in order w find the 
coordination numbers from equations (2) or (3) [1]. If we write equation (2) for CaCl, as 


{2 2n-~- 


the figure 2 in the first term {fs connected with the charge of Ca®*, and in the second term with the circumstance 
that each mole of the dissolved salts gives rise to two g iors of CI” If we divide equation (1) by 2 we sce that 


the coordination number of bivalent ions js found in the same way 4s for univeicnt ions, with the difference that 
instead of B we take 6/2. 
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TABLE 1 


Integral heats of dissolution of sa'ts in aqueous HCI at 25° 
Dissolved salt. Corcentration of ; Heat of dissolution | Dissolved Concentration of [ Heat of dissciution 
"HCI in ‘molesper in ‘Keal per mole, salt HCl in moles pet: in Keal per ‘mole 
of salt + $0 Moles wates | of salt 


$0 moles, water 


MgCl-61,0 0.00 +3.40 
0.32 2.91 
0.82 $2.45 
1.63 +1.84 
1.63 +1,78 
2.37 41.19 
3.40 +0.48 

| 


419,12 
0.84 418.54 
1.70 : +18.09 


0.00 
0.83 
1.12 
1.65 


+ 2.84 
2.06 
+191 
1.55¢ 


* Measurements made with a second specimen of BaCl, gave values for L at this concentration equal to 41.71 and 
41.72 Kea} /mole, but measurements relating to a single series were taken for the curve. 


TABLE 2 \ 
Values of for the salts studied + 1.38 1.38 2 


It should first of all be noted that the coordination number of Mg** 
897 | 666 636 | 780 in aqueous solutions is practically equal to that of the Li* ion; for MgCl, 
B/2 = 448, and for LiCl] 6/2 = 465 [1] (the values differ by about 4%). 
This appears to be connected with the equality of the coordination numbers 
in solution, and not simply with an equality of crystallochemical radii 
(electrostatic equivalence of Li* and % MgCl**). 


The natural conclusion to be drawn from this is that the ions Li* and Mg** have a coordination number of 
6 in aqueous solution; this is the maximum possible in connection with the relation of the radius of these ions 
to that of water molecules. It has, however, been shown [1] that the upper limit of possible values for the 
coordination number of the Li* ion is 4.23, so that this conclusion must be rejected.® Apparently the closeness 
of a number of properties of the Li* and Mg** ions in aqueous solution is responsible for the effect. 


Taking K = 1.17-10° and Nc)- = 4.4 [1] we can derive the coordination numbers of the ions Mg**, ca**, 
s?*, and Ba** in aqueous solutions at 25° from the values of 8/2. These numbers (n) are given in Table 2 
wanes 0 The coordination numbers rise from the ion Mg** to the ion Ba**; we 

know that the energy of hydration of these ions falls in the same order. 

Coordination numbers in aqueous This shows the difference between coordination numbers of ions and 
solution (n) and p* for the ions their so-called hydration numbers. If, however, we calculate the surface 
Mg**, Ca**, s?*, and Ba**ar 25° density of packing of water molecules in the first coordination layer of 
T ba the fons, p*, suggested previousty as an indicator of hydration [1] we 
see that the value of p* falls from Mg** to Ba®*, although it remains 
greater than for water ** This is as could be expected, as we know that 
; 0.054} 6.050] 0.048 the given ions are hydrated, 


lon Mg cr is 


3.8 
0.065 


© This is confirmed in the determination of the coordinetion number of the ton Be®* in aqueous solutions, 
At 25° pis = 0.044 
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As in the case of the ions Lit, Nat, K*, Cl*, Br°, and I”, examined in an earlier paper, the coordinatios 
numbers are close io the mean value for the coordination number of water molecules in water, It may be 
concluded that the structure of waters determines the structure of dilute aqueous elecwolyte solutions, 


The modification by ions of the structure of water is connected, in the first place, with introduction ime 
water of particles whose radius differs from that of water molecules, in the recond place, with the difference 
between the coordination numbers of the fon and of water molecules (should such a difference be found), and 
in the third place with the re-ordering of the molecules of water closest to the jon. It is evident that of the 
factors enumerated the second is the most impdrtant energetically, inasmuch as the effect of the change is 
coordination number is exerted at a great distance. It.appeared that only a very small change takes place is 
the coordination number, or possibly none at all 


Coordination numbers of the order of 6 could be peculiar to the ions, in accordance with their distribution 

_in vacant positions of the structure of water. Such cocrdination numbers were not, however, encountered. This ae 
is as would be expected, if the re-orlemting effect exerted by ions on surrounding molecules of water is taken into a Sat 
account; this re-orientation is of greater magnitude in vacancies in the structure of water, surrounded by 6 molecules 


of water, than in their absence. The structure of dilute solutions in which the fons are surrounded by water a matocules 
represents the least modification of the structure of water. 


The general conclusion drawn agrees with the results of roentgenographic examination of aqueous solutions 
of LiCl, LiBr, and RbBr as reported by Beck {3}, who found that on the curves representing imensity of scattering of 
X-tays by solutions of LiBr or RbEt (concentrations 4.0 and 2,58 M, respectively) the peak due to scattering by pure 
water is the prevailing one. Since at these concentrations scattering due to the ichs considerably exceeds that due 
to water, Beck: draws the conclusion that the ions are arranged in these solutions similarly to water molecules, Le., 
they are distributed in the structure of water in such a way that they “replace® its molecules. We cannot speak 
literally of the replacement by fons of water molecules; the fons modify the arrangement of the adjacent water 
molecules, and the relative orieniation of molecules (orjentation of tetrahedrally arranged negative and positive. 
poles of the molecules) is the determining factor for the structure of water. It is scarcely permissible to draw 
any analcgy with solid solutions, however. We would add that Bernal and Fowles [4] took the coordination number 
of bivalent ions as being 6, on the basis of calculation of the energy of coordination by ions of molecules of water 
in solutions; Eley and Evans [5] came to a similar conclusion, 


According to Beck [3] the structure of very concentrated solutions (‘e.g., 13 M) of LiC! of LiBr is simflar to as 
that of the appropriate hydrated salt, ©e., the molecules of water are arranged together with the fons of which the Ras Pe 
salt structure is made up. Beck*s conclusion is probably of general applicability, and Mathieu and Lounsbury [6] 5 
arrived at the same conclusion on the basis of a study of Raman spectra of concentrated aqueous nitrates. Be tN 


The question arises in what way the transition between these two states takes place (structures of dilute « 
and concentrated solutions). A continuous transition is possible [6] *+ however, the work of Danilov and his co- q 
workers has established the existence of a eutectic structure in a number of liquid solutions. Simflarly, the study See 
of scattering of X-rays by molten alioys which give eutectic phase diagrams has led to the conclusion that they 4 
contain groupings with the structures of both one and the other component [7} The existence of such groupings 
has also been established in aqueous solutions of acetone [8}. It is evident that in a number of liquid systems 


consisting of the molecules A and B the combinations AA and BB may be more probable energetically than the = : 
combination AB [9} 
Aqueous solutions of electrolytes may also, within certain ranges of temperature and concentration, possess Ro 
a eutectic structure, in this meaning of the term. Depending on the temperature, the structure of solutions r@> = + 
Sembles or. ancthey : of their components, as the concentration Is increased (the structure of water in 
dilute, and of the solid hydrate in concentrated, solutions), These structures only gradually undergo deformation 5 * 
{10}, and further change in concentration leads to the sppearance of a eutectic structure. pet 
A relationship of this sort appears to be suggested by the results of a study of the dependence on temperature = : 
of the imtensity of scattering of X+ays by NaCl and LiCl) solutions, of a composition close to the eutectic, reported a : 
by Danilov and Neimark [11}, who found that at low temperatures the second maximum of the intensity of scattering 4 : 
curve for water, which is barely perceptible at room temperature, reappears. According to these authors this may 5 yi 
be due to appearance of concentration inhomogeneities in the solutions at low temperatures, when those parts of > 
it which gain water assume its structure. ‘eee 
© A continuous transition fs achieved at excessively low temperatures, . 
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SUMMARY 


1, Integral heats of dissolut'on of MgCl,-6H,O, CaCly, SrCly, and BaCt, in aqueous HC! of various concen- 
trations, at 25°, have been determined in a calorimeter with an tsothermic envelope, 


2. Coordination numbers have been found, using the method previously described, for aqueous solutions 
of the ions Mg**, Ca®*, s?*, and Ba®*, The values arc close to 4, and they rise from Mg** to Ba®*, The meas 
density of distribution of water.molecules around the fons diminishes from Mg** to Ba*¢, 


3. The structure of dilute aqueous solutions of electrolytes is determined largely by the structure of water. 
Received November 1, 1961 : N. S. Kurnakor Institute of General and Inorganie 
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STUDY OF SYSTEMS CONTAINING HYDROGEN PEROXIDE 


PART 2. THERMAL PROPERTIES AND DEHYDRATION OF PERHYDRATES OF SODIUM CARBONATE 


&. Makarov and V. N. Chamove 


It was shown in the preceding paper [1) that the following phases are formed in the system Ne,COs-H,O- 
—H,O at 0-20°: and 


Specimens of these compounds were subjected to thermal analysis, with differential registration on a 
registering pyrometer of the N. S. Kurnakov type. The heating curve of NagCO,°H,0-1.5H,O, (Fig.1) shows 
two inflections, due to an endothermie effect at 105° and to an exothermic one at 120°, The endothermic 
effect corresponds with dehydration, with formation of the anhydrous perhydrate, and the exothermic one with 
decomposition of the anhydrous perhydrate, with evolution of oxygen. 


The results of analysis of the original 
substance and of the products of heating at 
105-110° and at 120° are gives in “Table 1.-. 
We see that the process begins with dehydra- 
Na tion, followed by decomposition of perhydrol 
of crystallization, 


The heating curve of the compound 
Na,CO,°H,0- 2H,0, (Fig 2) is’similar, and shows 
an endothermic effect at 95°, and.an 
exotherinic one at 125°. The salt had 
initially the % composition: 


Na,CO, 55.32 
36.38 


oe The nature of the heating curves indicates 
Fig. 1. a means of obtaining anhydrous perhydrates 
of sodium carbonate from the. cprmesponding hy- 
drated salts, viz.,. by dcbydrating at temperatures 
below the exothermic decomposition point. This also affords confirmation of our previously made conclusion regard- 
- oe perhydrate nature of the type of peroxide compounds. 


Substance Content 


Composition Content 


Original 
‘ 60.57 
Dehydrated | 68.18 
Theoretical NazCQ,-1.5H,0, | 67.42 
Original | 55.32 
We found that the compounds Na,COy Yehydrated Na,CO4°2H,0, 60.33 


*1.5H,O, and Na,CO,°211,0, were in fact ob- Theoretical Na,CQ;°2H, 0, 61.00 | 39.00 
tained by heating the hydratcs at approptiate 


temperatures, and at reduced pressures (8-10 mm). 


The dehydrated perhydrate gives a sharply defined exothermic effect on the heating curve 
(Fig.3) at 50°, associated with evolution of oxygen, and gives a second, cndothermic effect at 140°, 
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SUMMARY 
1, Heating curves with 
differential registration, using 
a registering pyrometes, are 
41,0 2H. constructed for the perhydrates 
Na,COy'H,0°1. 51,0, and 
Na,CO,°H,0-2H,0,. The curves 
A have two inflections, the firs 
ae ; _ being due to an endothermic 
. effect, associated with dehydra- 
tion, and the second to an 
exothermic effect, due to 
a 
4 


thermal decomposition of 
perhydrate, with evolution of 
oxygen. 


“ee ae 2. The anhydrous pere 
hydrates NazCO,°1.5H,O, and 

Fig. 2 Na,CO3°2H,0, may readily be 

prepated from the hydrated 


salts obtained from sodium catbonate and aqueous perhydrol, by heating at temperatures below those of the 
exothermic effects, in vacuum, 
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Fig. 3 
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MECHANISM OF REACTION OF MAGNESIUM. ALKYL HALIDES WITH B-SILICOALKYL. 
HALIDES® 


A. D. Petrov and V. F. Mironov 


B-Silicoalkyl halides Green closely resemble, 2s regards their structure and chemical behavior, 


the B-halides of a series of organometallic halides (M-C-C-X), of which a detailed study has been made by 
Nesmeyanov and co-workers [1}. These auchors showed that a typical member of this series, Biginelli*s complex 
(ClHgCH=CHC])), may undergo decomposition when treated with certain reagents, such as C,H, MgBr, to give 
acetylene and mercuric chloride, from which it was prepaied, whe in other.cases the acetylene of the complez 
reacts wath the reagents forming new C-C bonds. The following reaction illustrates this: 


° H ci 
anent « +N, +CO, + KCl + Hg, 
CrHg H AD 
This reaction enables us to synthesize the forme:ly difficuttly p:eparabie cis- w-chlorostyrenes, The metal, in 
this case mercury, is eliminated, and is not present in the reaction product, Reactions are, however, alsoknown 
in which the metal remains attached to the product, but this is usually found for reactions affecting the -halogen 


atom attached to the metal, and not in the 6-position with :espect to 1t. An exampie ts given by the reaction 
described by the Indian scientist [2} > 


Cl,AsCH=CHCl + 2PhMgBr Ph,As(CH=CHCl) 2MgBrCL. 


We were able to find the conditions under which B-silfcoalkyl halides only partly undergo decomposition, the. 
ma2in reaction being with the halogen in the B-position to the silicon, by the general scheme: 


+ RMgx —> 


This opers up new perspectives for the synthests of silicohydrocarbons and of silicon-organic compounds in 
general. The majority of the silicohydrocarbons now known were prepared by the Wurtz or the Grignard-Wurtz 
reaction from silicoalky] halides in which the halogen js attached to the silicon atom. Silicoalkyl halides in 
which the halogen atom is in the or, B-, or y-position to the silicon have only recently become known, The firs 
B-silicoalky] halide was B-chloroethylt{ethylsilane, (C,H)3SiCH,CH,Cl, prepared in 1937 by Ushakov and Itenberg 
{3}, who also showed that it differs sharply from a@-halides in its instability in dilute aqueous alkalis. Whitmore and 
co-workers [4] in studying the reactions and properties of Bsilicoalkyl halides, in the cases of certain primary 8- 
chlorides, found that they underwent cleavage of the Si-C bonds when taken for the Grignard-Wurtz synthesis: 


C1,SiCH,CH,C] + 4EtMgBr ——> CH,=CH, + + 4Mg8rCL. 


They represented the mechanism of cleavage at the S{-C bonds, the so-called B-lecomposition, as a cyclic 
process, proceeding in the six-membe:cd coordination complexs 


* A lecture given at a general mecting of the Div:s:on of Chemical Sctences of the Academy of Sciences USSR, on 
March 28, 1962. 
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In this complex the Si atom and the radical R, of the Grignard reagent aze in the 1-6 positions, The Si anes 

atom attracts an electron pais belonging to the rad‘cal hy, and at the same tme transposition of the electrons 
, of the 2nd and 3rd carbon atoms takes place. The process leads to fornnation of. new Re-Si bond, with simul- 
taneous formation of MgX, and ethylene. The work of these American:scient:sts has led to the acceptance of 
the view that S-silicoalkyl halides are quite useless as intermediates for symheses, in particular for those based 
on the Grignard-Wurz reaction, Thus, for example, Sommer and Marans (5) draw actention in a paper published 
in 1950, to the instability of compounds containing halogen, hydroxyl, or other functional groups in the 8-position, 
and they recommend the use of compounds with the functional group at a greater distance from the St, such as 
the y-position. In arriving at these aprioristic assumptions the American authors neglected to take into considera- 
tion the structure of either the B-si"icoatky] halide ot of t.e compounds with which it reacts, and greatly over- 
emphasized the importance of the B-influence. We have shown in twe of our papers [6) that these authors were 
unduly pessimistic regarding the synthetic possibilities of B-s{licoalkyl halides. In the first of these papers we 
described the reactions: 


Br +Mg ClAl CH=CH Q) 
CH, CH, 
Yield 43% 
Er ¢ Mg + BrPh (2) 
CH, CH, 
Yield 22% 
Et,SiCH,CHBr + Mg + —> SICH (3) 
CH, 
Yield 1% 


It was possible to carry out these reactions because the 8-sil!coalkyl halides, which are highly sensitive to 
thermal factors, were prepared and stored at low temperatures until they we:e taken for the reactions. A study of 
the behavior of B-silicoalkyl halides in a number of different reactions showed that whether or not B-decomposition 
or synthesis takes place at a C-X bond depends on a number of factors. In the first place, the direction in which 
the reaction proceeds depends on the nature of the RMgX compound used. Active magnesium alkyl of aryl halides 
(allyl, phenyl) favor the transfer of the whole reaction to the C-X bond, whereas in the cases of BrMgEt or BrMgMe 
the reaction takes place at both the C-X and the Si-C bonds. But the direction of the reaction also depends on 
the nature of the halogen-containing group in the B-position to the silicon atom; secondary 8-silicoalky! halides 
are more resistant to B-decomposition than are primary ones, and ft was later found that tertiary ones are even 
more resistant. 


In our second paper we studied the effect of the nature of the halogen, and also investigated the reactions 
of various Grignard reagents with tertiary and primary B-sflicoalkyl halides. It was found that the use for the 
syntheses of secondary 8-chlorosilanes instead ‘of the corresponding B-bromides gave yields 1.5 times greater. 

Attempts to prepare the tertiary £- bromide or Priodide by adding HBr or HI to a ~~ at -. 


were unsuccessful, but the chloride was obtained by ‘addition of This chloride witht 
RMgX, where R is allyl or ethyl (some B decomposition in the latter case): 


CH, 
+ Mg + BrAl —> Al 
CH, CH, 
Yield 30% 
Clty 
Cl + Mg ——> Et,SiCH,-C-Et 
CH, Hy 
Yield 20% 
We then added HBr to Et,SiCH=CH,, and condensed the prisnary B-b:omide so obtained with MgBrAl or 
MgBrEt: 
$2 
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— 2BrAl Et,SiCHcH,Al - 


Yield 26 
Et,SiCH,-CH,8r ¢ Mg ¢ Bret ——® ¢ ot 
In the latter case only traces of triethylbutylsflane were obtained, the matin product betng Ex,Si, by 8~<dkcomposi- 


tion, 


Having investigated the effect of the natwe of the Grignard reagent and of tha halogen-containing radical — 
on the strength of the Si-C bond and of transfer of reactivity to the C-X bond, we next studied the effect of the 
radicals attached to the Si atom. With this object we decided to prepare a series of triallyl- (and arylalkyl)- 
ailylsilanes R,SiAl, and to study the reactions of ine B-b-omides prepared therefrom with Grignard reagents, 


in order to find in which cases the react!on of synthes‘s preva'ls, and in — tie dominating reaction is that 
of 8decomposition, 


In this way, for the reaction which for secondary B-silicoalky) b:om‘des may be represented by the 
equations; 


- 


(I) (Q 


we have to find the ratio of (1) to (1) in the products, The foitowir-g 7 alty's@anes were prepared: Ph,SiAl, 
Ph,MeSiAl, PhMe,SiAl, MesSiAi, Et,SiAl, PrsSiAl and Bu,SiA}; the y‘elds were about 50% when the radicals 
attached to the Si atoms contained an odd numbe1 of carbon aroms, ard about 80%-when this number was even. 


t ABLE 2 We weze nor able to perfoim any syntheses with the first of 
these aliylsilsnes, owing to the -eadiness w:th which it polymerizes, 

Yields of RsSiCH,CH(CH,)R’, as % were fium the remaining 6 

calculated on initial R,SiCH,CH=CH, trialkyl (0: tiavyialxyi-)siianes, in the usual way, at-70°, The B- 


somides were added to a 23 foid excess of R°"MgX. The reaction 

with aliyl bromide was conducted according to Yavo:sky. The 

results of the syntheses are pre:ented in Table 1, from which it 

appears that the yietds of alkylsitanes are 2-4 times greater for 

B-bromides with a SiEr, gioup than with a SiMe; group. Moreover, 

partial B-decomposition is here observed even with AlMgBr, - 

which does rot cause B-decomposition of even the least stable 

primary (in'the case of EtsSiCH,CH,Br), The smaller 

yfeld of siJanes fom timerthyl- than from twiethy]-8 -bromopropyl- 

r silane suggests that B-decomposition results not so much from thermal 

instability of the B-silicoalky] halides, as the first of these halides is 

considerably more heat resistant than {s the second, as from the reactivity of the C-X bond (determined by the 
influence of all the atoms entering into the B-silicoalkyl halide). Evidence supporting the view that thermal 
stability should be distinguished from chemical stability of B-silicoalkyl halides 4s also to be found in the litcrature, 


Thus it is evident from the work of Whitmore et ai (7] that C1,S:C-C-Cl can be distilled without decompo- 
sition at 152°, whereas Et,SiC-C-Cl decomposes at 80° [4}. Yet the former compound reacss instantaneously with 
0.1 N alkali, with evclution of ethylene, while the lacter rear."s only very s’owly. Whitmore interprets these facts 
as showing that 6-decomposition {s due to action of nuciecop2ttic OH™ 09 the Si utom, a4 futher that replacement 
of one chlorine atom attached to Si by R causes a ten-fold lowe:r’ng of B decompos'tion due to CH, since the 
presence of electronegative substituents on the Si atom rende.s 1t a more effective center of nucleophilic action 
(8). It is evident that a similar effect applies to the reactors studied by us, With dim!nishing electronegativity 
of the series of radicals attached to Si 


> CHy- Gt SCH 
the yields of silancs obtained by condensation at the C-X bonds rise, and B-decomposirion diminishes, To this we 
should add an additional small co-ztection, depending on whether the .4dicals attached to St have an odd or even 
number of carbon atoms; this affects not only the y.eld of tr‘alkylaltylstlanes, but also that of silanes prepared from 


B-silicoalkyl halides, imay also jeadily be foreseen that sich fators as ster! hindrance, which has scarcely beea 
studied, can also affect the yiclds of silicehydzocarbons, 
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We found, further, that if to EUMgBr we ald Et,SiC-C-Br, and very soon afier we decompose the product by 


adding water, without boiling, we obtain, in addition to eaters tee obtained by the Grignard-Wurtz reaction, 
c 


the silanol Et,SiOH; Et,St, the final product of B-decomposition, {s practically absent, When, however, the 
reaction product is subjected to prolonged boiling, silanol is not produced, the by-product being Ex,SL It is 
evident that Ex,Si is formed from Et,Si8r and EtMg8r, When the time of boiling {s too short Et,SiBr does not 
afford Et,Si, giving silanol instead, These observations, which were not noted by Whitmore, show that the 
mechanism of 8 decomposicion suggested by him is emoneous, The reactions of B-decomposition and of 
synthesis from B-silicoalkyl halides can more reasonably be represented by the following simple mechanism: 


sin’ 


showing that the primary reaction of B-decomposition of silicoskyi halides, as well as of metallo-organic com- 
pounds of timilar type, is decomposition with formation of olefin and t-talkylsilane halide, which then condenses 
with Grignard reagent to give a Si-R°® bond, 


We then prepared the as yet unknown  silicoaTkyl bromides from the 6-bromides, HBr adds on slowly 
to the appropriate silico-olefins - (in particular to compound (I1)) 


Me,SiC-C-C=C 
but the yields of S-silicoalkyl bromides were 90 and 84%, respectively. In distinction to the 8-bromides they ' 
were weakly ionized compounds, not giving a precipitate with boiling aqueous AgNOy,, and reacting with NaOH # 


somewhat similafly to a-silicoalkyl halides or to primary alkyl halides. Ethylene oxide reacted with one of 
these reagents as follows: 


c ¢ c 
The yield of alcohol was 37%, 


It is of interest that a- and y-silicoalkyl halides react with Mg and then with ethylene oxide to give 
} only the corresponding alcohols. The 8-bromides not only react readily with Grignard reagents, but they are 
also able themselves to afford such reagents, although with considerable B-decomposition and evolution of 
olefins. 


The extent of B-decomposition may be somewhat reduced by preparing the Grignard reagents fron B- 
silicoalkyl halides at low temperatures. The reaction proceeded as follows: 
[Me,SiBr} + CH, Me,SiCH,-CH-Br Me,SiC-C-C-CSiMe, + [Me,SiC-CMgBr) 
1,0 | | | H,0 
Me,SiOSiMeg cc Cc 
Me,SiPr. 


In view of the thermal stability of the B-silicoalkyl halide taken, its B- decomposition at room tempera- 
ture might be explained as being due to activation of the decomposition reaction by the Grignard reagent formed, 
Compounds (I) and (11), which show that the 8-ilicoalkyl halide forms a Grignard reagent, were isolated after 
treating the product with water and removing the products of 8 decomposition (hexamethyldisiloxane) with con- 
centrated sulfuric acid, 


A certain similarity between B- and §-ihcoalkyl halides, which differ so sharply in their thermal and 
chemical stability, may consist in the tendency of both of them to afford disilanes. The formation of Grignard 
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reagents by B-silicoalky] halides may permit of the use of the ‘ettez for tve synthesis of alcohols, at least, by 
condensation with ccrtain carbonyl compounds, 


EXPERIMENTAL 


Phenylallyldimethylsiiane (I). A few mi of allyl teomide is added to 
$4 g of magnesium (2.2 moles) in 1 liter of absolute ether, conta_ned in a 2 L Mask fitted with a reflux condenser, 
a stirrer, and a dropping funnel, The stirrer is switched on when react’on begins, and a mixture of 171 g of 
phenyldimethylsily! chloride (1: mole) (b.p, 194.4°/750 mm; njy 1.5080; 1.0307} and 133 g of ally! bromide 
(1.1 mole) is added gradually during 7 hrs, The ether is distilled off during 2-3 hrs on the following day, and the 
solid residue is heared at 100° for Tlvs.The etre. w-ic’ *<d bees d'stutlied off is returned to the flask, the contents 
of which are weated first with water, and then with a minimum amount of 10% HCL. The ethereal extract is 
dried with Na,SO,, the ether fs distilled off and the :iquid sesidue {fs fractionated, using a column with 10-15 
theoretical plates, giving 144 g of phenylailyldimettiylsitane, b.p. 213.6°/751 mm; niy 1.5090; dg 0.8912; 

MRp 59.07; calculated f11j MRp 58.89, yield 81.7%. 


Found %: 7 9.16; 9.17; C 75.24; 74.97; Si 15.97; 16.29 
CyzHygSi. Calculated %: H 9.15; C 14.94; Si 15.92 


Other allylsilanes were prepared similarly, 


Diphenylallylmethylsitane CH=cH b.p. 310-311°/740 mm; 2-5660; 
0.9876; MRp 78.73; calcu_ated MRp.78.71. “Yield 50%, 


Found %e H 7.66; C 79.96; Si 11.07 
Calculated H 7.62; C 80.62; Si 11.77, 


Allyltrimethylsilane (CH ;),SiCH,CH=CH, (10). This product has been described by Sommer [9} 
Me;SiAl was, similarly to PhMe,S:Al, prepared by Yavorsky*s method. The use of this method {s not only simpler, 
but ft also gives higher yields, which are 8% greater than those obtained by the method involving separate 
preparation of AIMgX. Allyltrimethylsiiane has b.p. 85.4°/750 mm; 1.4075; dg" 0.7195. Yield 


Allyltripropylsilane (CH,CH,CH,), $'C#,CH= CH, (IV); b.p. 217/748 mm; 1.4490; 
¢.7950; MRp 65. 93; catculated MRp 66.85, Yield 51% 


Found %: H 13.28; C 72.28: $i13.83 
Calculated %: 13.21; C 72.64: $114.14 


Allyltributylsilane (CH r . This has been described by Petrow and 
Shchukovsky; it has b.p. 252.3°/750 mm; mp 1.4515, 


Trtallylpropylsilane (V1): b.p. 218.3°/750 mm; ri} 1.4705; 
0.8178; MRp 66.37; calculated MRp 65.91. Yield 36.6%. 


Found %: H 11.66; C 74.14; Si 13.88 
CygH2,Si Calculated %: H 11.41; C 74.15; Si 14.44 


Phenyltriallylsilane (VID: b.p 274.8°; (751) ND $300; 0.9174; MRp 
76.90; calculated MRp 76.47. 


Found %: H 9.14; C 78.95 
Si Calculated %: H 8.83; C 78.88 


B -Bromopropyltrialky!silanes R,SiCY,CH (CH,)Br, These were obtained in the usual way 
by bubbling HBr through compounds (I), (I). (11), (IV), and (V) at—70°. The B-b:omides obtained from compounds 
land V were very viscous Oils. The 8-bromides were not pe: ‘fied, but were taken directly for the reactions; the B- 
chloride obtained from compound ("I> and HCl was, however, first purified. 


B -Chioropropyltrimethylsitane (VII): b.p. 43-4612 1.4280; 
0.8738; MRp 44.37; calculated MRp 44.38, 


Found %e C! 23.64 
CgHygSiCl, Calculated 23.53 
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appropeiate R'X and Mg; the amount of B-bromide taken varied from 0.15 to 0.3 moves, and it was added at . 
—70°. The reaction with allyl bromide was conducted according to Yavorsky, and it was possible, during the Sel 
addition of B bromide to R'MgX, to estimate the extent of B-decomposition from the amount of propylens Z 
evolved. After adding the 8 dromide the mixture was boiled for 5-8 hrs, after which the ether was in somes , 
cases distilled off and the solid residue was heated on a botl.ng water bath, in order to convert the B-decompo- 
sition product R,S)Br into wise, during tre s .bsequent decomposition with water, formation of the 
corresponding silanols R,SiOH and disiloxans R,SiOSiR, takes place, and these products interfere with the purifi- 
cation of the main product. Altes trcatment with water, drying, and distilling off the ether, the residue ts 
fractionally distilled, In preparing saturated si!icohydroc arbons the residue was first extracted with concentrated 
sulfurse acid. The yields and properties of the products are presented in Tables 1 and 2, 


The new s:licohydrocarbons PrySiEt and Bu,SiEt were obts'ned incidentally to the preparation of com- 
pounds (7) and (10). The corresponding R,SiR’ or R,SiOH and R,S!OS:R, compounds were formed as a result of 
ft i 8-~decomposition in the ovher cases, except for compounds (8), (9), and (33), where there was apparently no B- 
decom position. 


Ethyltripropylsilane (D0: b.p.207-210°( 748); 1.4375; 0.7824; 
MRp 62.47; calculated MRp 62.69. 


Found%e H 13.98; C 70.32: Si 14.66 
Calcujated 14.06; C 70.88; Si 15.06 


Ethyltributylsilane (0: b. P252-254{ 140); 1.4445; 0.7942; 
MRp 76.49; calculated MRp 76.58, 


Found %: Si 12.22 
CylgSi. Calculated Si 12.28 


HCH, 
Compound (III) and HBr give 71.5.g (0.366 moles) of trimethyl-8 -bromopropylsilane, a few ml of which is added 
to 20 g (0.824 moles) of magnesium powder in 250 ml of ether, contained in a 500 ml flask. A violent exothermic 
reaction at once begins, and the mixture becomes black. The B-bromide is added during 90 min., with energetic 
stisting, and maintaining the temperature at 10-15° (evolution of gas is considerable at 20-25°, and at the b.p. of 
ether the yields of silicohyd:ocarbons are Jess than a haif of those at 10-1S°). The contents of the flask are treated 
with water on the following day, the ethereal layer is separated, and the ether is distilled off. The residue is 


treated with concentrated sulfuric acid, and the acid layer is poured into water, when hexamethyidisiloxane — 


CH, 
' 
. The B-tromides were added to a 2-3 fold excess of R'MgX, which wes prepared {a the usual way from the ‘ : 


separates. The product not extracted by sulfuric acid is washed with water, dried, and fractionally distilled, two 

yield 3.2 g of trimethylpropy!si?ane [10) b.p. 88°/73C mm; njy 1.3929; dg® 0.7027 and 5.2 g of a substance of 

b.p. 218-220.5°; this was 1.4-dit::methyls 3-d!methytbutane, b.p. “220-220. 3°/730 mm; 1.4400; 
0.7922; MRp 76.68; calculated MRp 76.95. Yield 12.5%. 


Found %: H 13.04; C 62.69; Si 23.48 
Calculated %: H 13.12; C 62.53; St 24.35 


Trimethyl-4-bromo-2-methy) pentylisilane ( promise) (X1D. 


CH, CH, 
HBr is passed through 18 7 g (0.17 motes) of trimethy!-2-methylbut-3-eny!silane (see Table 2), cooling in a 


freezing mixture containing dry ice, and continuing the reaction until the theoretical gain in weight fs 
achieved. The temperature of the mixture {s then al‘owed to tise to room temperature, when considerable 
amounts of HBr are evolved; the product 1s for this reason again coo'ed and seturated with HBr at—70°, and 
this treatment ps repeated until tre gain in we'ght st 20° corre: ponds with the theoteticsl, Fractionation of 
the product gave 25.5 g of trimethy] 4 bromo-2.-methy!pentylsizane, b.p. 92-93°/18 mm; nb 1.4590; ax? 
1.0628; MRp 61.02; calculated MRp 61.11. Yield 90%. 
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TABLE 2 
New Sicohydrocarbors of the type 
B.p. D MRp MRp Calculated Found ® .. 


1 PhMeg Et 242 735 1.4895 0.8806 67.70 68.62 200,37 75.66 10.75 13.60°—- — 13.4 


2 CyHy,Si PhMeg Al 25€- 743 1.4990 0.8859 72.38 72.00 218.38 76.99 10.15 1285 12.21 
é A 3 Clg Si Meg Et 133.2 747 1.4120 0.7369 48,72 48.80 144.3 66.58 13.97 19.45 66.41 13.96 19.20 
4 Pr 1545 750 1.4190 0.7492 53.37 53.43 158.33 68.27 14.01 17.72.68.58 14.02 
Ps § Cyh,,Si ° Ph 221-3 745 1.4940 0.8792 63.69 63.78 192.34 74.93 10.48 14.59 75.7C 10.37 13,75 
a 6 C,H,,Si ° Al_ 151.3 750 1.4264 0.7575 52.91 52.96 156.31 69.15 12.90 17.95 69.18 12.62 — 

: 7 CyHySi Pr, Et 240-3 745 1.4450 0.7965 76.54 76.58 228.46 73.60 14.12 12.28 73.64 14.00 12.42 
Re 8 CyHy,Si * Pr 257-9 750 1.4470 0.8011 80.87 81.21 242.48 74.29 14.13 11.57 74.50 14.14 11,21 
ae 9 Cy4gSi * Al 255-6 760 1.4545 0.8098 80.49 80.74 240.47 74.92 13.41 11.67 74.99 13.10 = 
10 Bug Et 272-4 740 1.4480 0.8010 90.42 90.47 270.53 75.47 14.16 10.37; - 10,99 

4 11 CygHy,Si ° Al 288-9 745 1.4568 0.8122, 94.70 -94,84 282.54 76.51 13.56; 9,93! 76,60 | 13.69 9.56 

(XIII) 
CH, 

This was prepared stmilarly to the preceding & -brom‘de from [6], and had bs 

4 124°/8 mm., my 1.4745; dg® 1.0517; MRp 74.70: calculated MRp 75.00, Yield 84%, 

CH, 


The Grignard reagent was prepared from 22 g of the &-b:om‘de (XE) (0.093. moles) and 2.5 g of sienna (0.103 
moles) in 100 ml of ether; the reaction proceeds energe= ay, and after :'s completion the mixture is boiled for 
2 hours, after which 11 g of ethylene ox‘de (0.25 motes) and 150 ml of ethe: are added, The contents of the Mask, 
which had set to a jelly by the next day, were eft for 8 days, and were then treated with water. Fractional dis- 
tiltation of the dried ethereal Jayer gave 7 g of the atcoho! (XIV}, b.p. 120-125°/5 mm., ny 1.4486; ake 0.8315; 


MRp 65.16; calculated MRp 64.24. Yield 37.2%, i 
Found $i 14.78; 15.31, Calculated Je Si 13.87. - 
The results both of elementary analysis and of OH group determination by Tserevitinov's method (83%) 7 * 
suggested contamination of the product with a silzcohyd:ocarbon, and a substance which was insoluble in concen- Bi es 
trated ,SO,, b.p. about 300°, 1.4510, was foundin the gher b.p, fractions. We considered this to be a sili- 
cohydrocarbon produced by a Wurtz condensation of the 6 -b:cmide, as in the case of reaction (XI) for the B- peo 


bromide. This supposition was confi:med by the iesults of the next experiment. 


CH, 
18 g of the & bromide (XII) (0.066 moies) §s added to 1.6 g of Mg wei (0.066 moles) in 50 mJ of ether. After com- 
pletion of the reaction, initiated by addition of a crystal of iod‘ne, the reaction m‘xture is botled for 5 hours, and is 
then treated with water and 10% HC}. The ether is distited off, and the res'due ts treated with concentated H,SO,. 
The residue insoluble tn H,SO, consists of 3 g of tr‘ethy)-2-rethy'penty's:'ane [6], b.p. 222-226°, nD 1.4436, and 7g 
of compound (XV), b.p. sbout 380°, nf} 1.4687: d2° 0.8443; MRp 131.5; calcutated MRp 132.4. 


Found H 13.64; C 72.62; Si 13.69; Ca*cutated %: 13.65; C 72.27; Si 14.08. 


The fraction soluble in H,SO, was recovered by pour'ng the solution into water; it consists of about 1 g of Wf 
hexacthyldisiioxane, and about 2 g of higher b.p. fractions, 


The analyses were perfoxmed in the Microanalysis Laboratory, Institute of, Chemistry, of 
Sciences U.S.S.R. 


SUMMARY 


1. Contrary to the views of American workers, it nas been shown that B-s!i'coalkyl halides may be used for 
the synthesis of silicohydrocarbons by the Grignard-Wurtz reaction; this ‘s illustrated by the synthesis of 12 
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This consists of liberation of an olefin molecule, with attachment of the B-halogen atom to the silicon, The 
reaction may proceed spontaneously, at temperatuwes of f:0m 450° to -60°, according to the structure of the sili- 
coalkyl halide, or it may be activa:ed by the Grignard reagents. The Grignard reagents R’MgX react simultan- 
eously both with the product of B-decomposition RgSiX and with the B-siticoalkyl halides, the yields of silico- 
hydro carbons (products of B decomposition or of synthesis) varying widety sccording to the nature of R and RB. 


3. It is shown that thearount of B-decomposition fatis in the ser’es primary—® secondary —® tertiary 
silicoalkyl hatides, and !s greater for bromides thar. for chlo‘des, The radical R also affects the results, the 
yleld of decomposition products falling, and of synthes‘s products rising, in the order CgH,, CHy, CglHy, Cats, Cally, 
i.e., in. order of diminishing electronegativity of the radicals, The extent of B-decomposition could in some 
cases be reduced by conducting the syntheses at low temperature, 
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CATALYTIC ALKYLATION OF AMMONIA WITA HALOGEN DERIVATIVES 
. OF ALKANES AND CYCLANES 


PART 2, EFFECT OF THE NATURE OF THF HALOGEN AND OF ITS POSITION 
IN THE MOLECULE ON AMINATION OF ALKYL HALIDES 


Vv. A. Nekrasova and N. J. ShuZbin 


We know from the Hterature of the probiem of amznatior. of 2lxv! t-a:des [1] that the most suitable for 
liquid phase amination are chloro- and bromo-derivatives. We t*:o.gh? ’? of interest to investigate the behavior 
of halides of aliphatic and alicyclic hydrocarbons in conditions of catalytic amination in the vapor phase. 


Our experiments showed that the nature of the hatogen, and its position in the chain significantly affect 
the results, We made a comparative study of amination of chloio-, bromo-, and iodo-ethane, 1-chloro-2-methyl- 
propane, 1-brumo-2-methylpropane, 1-chlorooctane, and 1-b:omooctane, at a catalyst based on magnesium oxide, 
Tke volume of catalyst was in all cases 100 ml, and the molecuzar ratio of ammon‘a to organic halide was 2:1, 
The experiments lasted 1 hour, at 310°, at a rate of flow of 0.2 (volume ve‘ocity). The properties of the halides © 
taken are given in Table 1, and the experimental results are presented in Table 2. 


TABLE 1 The experiments showed that variations in - 
Properties of the Alkyl Halides Taken the position of the halogen atom have a consid- 


erable effect on the yields, but that isomerism of 


the hydrocarbon chain was practically without 


: effect; the results for 1-chlorobutane, 1-chloro- 
Chioroethane ; 12.5 0.9170 (¢ methy’ propane, 2-chlorobutane, 2-chicro-2- 
Bromoethane '38.5(753 mm) 1.4238 1.4553 methylpropane, 1-chlorohexane, 2-chlorohexane, 
Iodoethane 12.5 1.5168 1.9132 -chlorcpentane, 2-chloropentane, 1-chlorooctane, 
1Chlorobutane 78.5 : 1.4015 - 0.8840 and 2-chlorooctane are given in Tables 2 and 3, 
1-Bromobutanel 101.0 ' 1.4358 1.2689 Primary chloroalkanes 3’ve a higher yield of 
l-lodobutane 131.0 1.5060 1.6160 amines than do secondary ones; thus the cataly- 
1Chlorooctang 184.0 i 1.4425 0.8969 zate from 1-chlorobutane contains 11.4 % of 
1Bromoocctane 201.5 1.4525 ; 1.1078 amino-nitrogen, «s compared with only 8.6% 


from 2-chlorobutane. Comparison of amination 
of 1-chlorobutane and 1-chloro-2-methylpropane shows that isomerism of the hydrocarbon chain has litle effect, 
the amino-nitrogen contents of the catalyzates being 11.4 and 10.9% respectively. 


‘TABLE 2 We next studied vapor phase amination 
Dependence of Yield of Amines on the Nature of the Halogen of alicyclic halides, at 340°, other conditions 
Alkyl halide | Yield of condensate, as % Amino-nitrogen being as above. The results, given in Table 
y % of initial alkyl halide! content of catalyzate 4, show that the same effects are found as 
{ 
ilies | 85.0 12.9 for alkanes, The am!nonitrogen content of 
| the catalyzates from chloro- and bromo- 
Bromocthans 9.9 cyclohexane is 11.9 and 10.7% respectively. - 
1-Chlorobutane : 85.2 11.4 SUMMARY 
1Bromobutane | 18.8 9.5 1, The conditions fer vapor phase 
1-ocdobutane 38.4 4.9 
: contactc atalytic amination of halogen 
1-Chlorooctane 85.1 10.5 
*ieciniieatiims.2 80.3 91 derivatives of aliphatic and alicyclic 
: hydrocarbons have been studied, 
$99 
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TABLE 3 


Dependence of Yield of Amines on the Position of the 


Halogen in the Molecule 


Chioroalkane 


| Yield of condea- % Amino-nitro- 


sate, a3 % of in- 
itial alkane 
chloride 


1<Chlorobutans 86.5 

1Chloreo2- 
methylpropane' 80.1 

2<Chlorobutane 722 


2Chioro2- 
methylpropane 


18,7 


1<Chlorohexane | 82.1 
2-Chiorohexane 79.1 
1<Chloropentane'! 84,1 
2Chloropentane; 79.2 
1Chlorooctane 83.2 
2-Chiorooctane 80,1 
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ere 


Synthesis of alicyclic amines In the vapor phase, a3 8 


| ¥ield of conden-| % Amino-nitre- 
sate, as of in- | gen content of 
itial halogen th 


derivative catalyzate 


98.3 118 
92.9 119 

30,9 


2. The nature of the halogen significantly affects 
the yields obtained which are higher for chloro- than 
for brorno-derivatives, and are lowest for lodo-deriva- 


TABLE 4 
magnesium oxide catalyz 
Halogea 
en content of 
derivative 
11.4 Chiorocyclopea- 
tans 
10.9 Chiorocyclo- 
8.6 hexane 
Bromocyclo- 
5.6 hexane 
“120 
10.1 
iL8 
9.1 
10.5 tives, 
9.1 


3. The position of the halogen atom in the hydro- 
carbon chains significantly affects the yields, which are 
highest for primary alkyl halides, 


4. Chlorine derivatives of alicyclic hydrocarbons give higher yields of amines than do bromine derivatives, 
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ROLE OF OXYGEN-CONTAINING COMPOUNDS IN THE SYNTHESIS 
OF HYDROCARBONS FROM CARBON MONOXIDE AND HYDROGEN 


Yu. B. Kagaa, Yu. B. Kr+ubcs, V. Kamecckice, ard A. N. Bashkiroyv 


It fs generally known that the p.oducts of sy7tt:es’s of hydzoca:bons from carbon monoxide and hydrogen, 
discovered by Orlov [1] atways contain a sma*: aroun of oxvgen-cortaining organic compounds, This has 
given rise-to the hypothesis [2} that o«ygen-conta:+ng substances are -ne:medtates in the synthesis of hydro- 
carbons; this view has had the support of a number of vo-Kers [3,4], bet has had no further exper'mental] confirma- 
tion, Eidus [5) studied the behavior of some of tt.e s:mp'es* oxygen-contaning compounds (formic acid, methan- 
ol, and ethanol) at Co catalysts of sy>thesis of t-yd-ocazbons 2t 180-200", at atmospheric pressure. He found that 
hydrocarbon synthesis 1s inhib.ted by addition of the oxvgen-cortain’ng subs:ances, showing that they cannot be 
regarded as intermediates in this syncnesis, 


New experimental matenai has, howevet, recenity affo ded f esh s-pport for the hypothesis of imter- 
mediate formation of oxygen-contain:ng In pacticta: the of achieving symthes's of 
alcohols and hydrocaibons at one and the same or, cetatyst at d:ffez:ent iempe:atires has been demonstrated 
{6}. The chief prod:cts of the -eact.or at low tempe-a:utes (190-200°) are aicoho's, while at high temperatures 
(320-330°) the products are hyd:ocaibons, Stoch [6] herce conctudes the: alcohols should be regarded as inter- 
mediate products in the synthesis of hydrocarbons, obta‘ned the-ef-om by dehydration. Hall [7] attempted to con- 
firm this view experimentally, and showed that w'th six-fold increase of velocity of flow of the gas the alcohol 
content of the product rises from 1.1 to 1.8% and that lower'ng of the reaction 1emperature at a cobalt catalyst 
also leads io increase in the yield of atcohols. Ths author [7] fu:ther studied the behavior of n-propanol and 
n-octanol at the catalysts Co-ThO,-MgO -kieselguhr (100:6:3:200) and Fe-Cu-CaO-kieselguhr (100:5:10:30) in a 
stream of hydrogen, nitrogen and water gas, at the temperatures of the synthesis, 


The author found that the anwunts of unreacted a*coho%s vat_ed, fzom 0 to 72% but, as the author him- 
self admits [7], the products were not studied sufficiently. Atl! that we know of them is that °on the basis of pre- 
liminary studies the chief products obtained at 150° appear to be water and the co-zesponding olefin and paraf- 
fin*. Apart from these, propano!, at the same temperature, gave a iiquid product of high b.p., which was not 
further examined, and octanol, at higher temperatures (183°), gave gaseous hydrocarbons and liquid products 
which boiled over a wide range of temperatures, Hall [7] draws the conclusion from these results that dehydra- 
tion of the alcohols takes place, with production of olefine and for this reason he considers that alcohols may 
be intermediate products in the synthesis of hydrocarbons. 


It seems to us, however, that these experimental resu!ts do not sspport such a view of the mechanism of 
the reaction, It should be stressed, in the first place, that ix is umposs’bie tu draw conclusions regarding the nature 
and direction of the processes taking place uniess we know the composi:ion of the p:oducts obtained. It is also 
significant that when the experiments were performed unde: the conditions of the synthesis of hydrocarbons (in @ 
stream of CO + H,) the least conversion of alcohols was obtained, This fact is not in accord with the view that 
alcohols are intermediate products tn the process of synthesis of hydrocarbons, 


The results obtained by Hal! in a singie experiment invov!ng vaiZation én the rate of fiow are also not 
conclusive, firstly because the absolute amount of a’coho's ‘n the reaction products is small, and secondly be- 
cause with increase in the rate of flow the inc:ease ‘n tre yie'd of a'cohols is parai'elied by Increase in the yield 

The experimental material presenzed below was obtained by us in connection with the study of the 
behavior of certain atcohols under the cond_tions of synthes’s of bydroc arbons fiom carbon mono» ide and hydrogen; 
it is in contradiction to Hall’s view that hyd:ucarbons are founcd f-om intermediate oxygen-containing compounds, 


of olefins. 
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EXPERIMENTAL 


The experiments were condycted in continuous act!on apparatus, work'ng under pressure, The reactor is 
which the catalyst was placed was a steel tube, embedded ‘n an atum_num block, the internal diameter of the 
tube being 14mm. Ou earlier papers (8, 9) give a description of the apparatus and method applied, and of the 
way in which the experimental data were evaluated, The apparatus was provided with a dropper, placed be- 
tween the meter registering rate of Mow of gas for synthes!s and the resctor, A system of valves permirted the 
dropper to be included in the system without Interrupting the reaction, An fron-containing catalyst was used, 
The initial gas contained carbon monoxide and hydrogen, in the proportion 1:1, The temperature app!ted was 
300°, and the pressure was 20 atm, 


BEHAVIOR OF n-BUTANOL UNDER.SYNTHESIS CONDITIONS 


n-Butanol, b.p. 117.3-117.8°, 1,3992; 0.8103, was introduced !nto the stream of CO-H by means 
of the dropping funnel, It had been shown previousiy that the catalyst is highly active, and that synthesis of hydro- 
carbons proceeds normally, with practically complete ¢ave-sion of the carbon monoxide. The experiment lasted 
for 6 hours, during which time 34.5 g of n-butanol was added, and 32.5 g of liquid products were collected, to- 
gether with 0.5 ml of gasoline vapor and 700 ml of "Gasol® in the absorber. Synthesis of hydrocarbons continued 
under the given conditions, although at a much slower rate, 


The hydroxyl number of the condensate was 232, the ester number 138, and the acid number 4, The liquid 
reaction products (25.36 g) were subjected to detailed examination; the resvits of fractional distillation and analy- 
sis are presented in Table 1, 


TABLE 1 
Results of Fractional Distilation and of Analysis of the Product 
Obtained when nButanol fs Added to the Systhes!s Gas Mixture 


B.p. of frac+ Weight of % content of Wefght of al-i Acid | Weight of Hydroxyl Wt of al4 Ester 


tion, °C fraction,g aldehydes : dehydes, g number acids,g number ! cohols,g ' number: esters, g 


60- 80 1.40 6.7 0.09 0 - 
80-110 1.11 9.2 0 
110-125 0 670 «4.83 41.9 «(0.59 
125-158 198 ; 0 | 0.016 345 (0.89 «2101.05 

Residue and | | 

Weight of | i 
product 25.36 ' 3.3 1" 0.84 : 


NOTE: The amount of oxygenous compounds was calculated on the basis of the data cited below. 
The data of Table 1 show that the product obtained is clearly not homogenous. Its fractional composition, 
the distribution of the ester numbers among the fractions, and, in particular, the very high ester number of the 


fraction of b.p. 158-168°, show that the product consists basically of esters. A certain amount of acids are also 


formed, mostly in the fraction boiling at 158-168°, and of aldehydes, concentrated mostly in the fraction boiling 
at 89-110°, 


The distribution of hydroxyl numbers through all the fractions suggests that the aJcohol present in the 
catalyzate is unreacted n-butanol. The structure of the ester and aldehyde obtained wese the subject of a special 


study. 
STRUCTURE OF THE ESTER 


Acids were eliminated from the fraction of b.p. 158-168°, and the residue was dist!Iled, collecting the frac- 
tion of b.p. 165-167° (2.92 g). The constants of the fraction are g!ven in Table 2..: 


The comparison of constants suggests that the ester ‘s n-butyl n-butyrate, 
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TABLE 2 ie The whole of the f-action of b.p, 158-168" 
Constants of the Fraction of b.p, 165-16T° was hydro’)zed, and the resulting alcohol (1 g), 


b.p. 116-118*, 0.8109; nip 1.3984, was collected, 

nf The m.p. of the phepyturett.ane prepared therefrom, 
and recrystai‘:zed from petroleum ether, was 60°, 

_ Found: 165-167 0.8694 1.4088 387.5 ard /t d:d not give any depression with the phenyl- 


_ Published values ; urethane of n-bvtanol. According to the Uterature, 
for n-butyl n- n-butanol bas b.p, 117.7, 0.810; 1.3993 
butyrate (10) 166.4 ‘9.872 1.4049 388.7 [11], m.p. of phenylurethane 61°, The alcohol 

: 


der2ved from hydrolys's of the ester is thus definitely 
shown to be n-butanol, 


The salt of the organic acid present in the elkal:ne hyd:olyzae was decomposed with 15% H,SO,, and the 
solution was extracted with ether, giving 2.5 g of a product bo'!’ng at 162-163.5°, which is the b.p, of n-butyric 
acid. The acid was definitely identified from {ts physical consanss and ac:d number, and from the mp. of its 
amide and the results of analysis of its silver salt. 


TABLE 3 The amide gave no m.p, 
Constants of the Acid Ootained by Hydrolysis of the Fraction of b.p. 158 168° depression with n-butyramide, 
The silver content of the silver 
Boiling Acid Meitirg point 
a my salt of the acid was determined. 
Found 162-163.2 0.9566 1.9982 616.2 1145-115 Found%: Ag 55.48. 
: C,H.0,Ag. Calculated 
Published values 4 Ag 55.34 
for n-butyric : 
acid [10) 163.5 0.9590 1.3979 6335 ' 15 The ester was thus defi- 
‘nitively identified as n-butyl a- 
butyrate, 
IDENTIFICATION OF THE ALDEHYDE - 


A hydrochloric acid solution of 2:4-dinivophenylhydraz‘ne was added to the fraction of b.p. 80-110°, to 
give the 2:4-dinitophenylhydmzone of the aldehyde conta‘ned:in th!s fractron; after recrystal‘ization from ethanol 
it melted at 121-122°. According to the literature [13) the m.p. of the 2:4-dinitrophenylhydrazone of n-butyralde- . 


hyde is 122°. The mixed m.p. shows no-depression. It may hence be accepted that the aldehyde obtained is n- 
butyraldehyde, 


The elucidation of the structure of the reaction products allows of their determination in the catalyzate 
(see Table 1). From the above values for hydroxyl, acid, and ecter numbe:s, together with other data from Table 1, 


we obtain the following reaction balance: 
nButanol inuoduced into the reaction 34.5 g 
Found in the catalyzate: 
nButanol 10.60 g 
Butyl butyrate, n-butyraldehyde, and n-butyric acid 12.63 
Other liquid and gaseous prcducts 10.67 


Tota) 33.90 g 


It is evident from this balance that of 34.5 g of n-butanol taken in the reaction 23.2 g was found in the cat- 
alyzate in the form of unreacted alcohol and of its oxygenovus conve:s'on products, Even if we assume that the 

| whole of the remaining n-butanol has undergone convetsion into hydrocarbons it is evident that oxygen-containing . 

products are greatly in excess of hydrocarbon products. It would follow that if n-butano! is an intermediate pro- 

duct in the synthesis of hydrocarbons from carbon monoxide and hydrogen we should expect to find an excess of 

oxygen-containing products in the catalyzate: this, however, ?s in contradiction to all the known experimental 

facts relating to the product of synthesis at aa fron-conta:ning catalyst under the given experimental conditions, 

This shows, therefore, that n-butanol cannot be regarded as an ‘ntermegtate p oduct of the synthesis of hydrocar- 

bons from carbon monoxide and hydrogen, 


The behavior of n-butanol was also studied under conditions of synthesis of hyd/ocarbons at atmospheric 
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pressure. We used a typical alhali-act!vated won-coppet catalyst, The experiments were performed at 
240°, using 1:1 CO—H, mixtures, passed through the catalys* at a volume veloc'ry of about 100 tr™®, The gas mix- 
ture contained, apart from the carbon monoxide and hydrogen, about 3% of n-b. tanol vapor. The fractional compo- 


TABLE 4 s‘tion and the analytical data for 
Characterization of the Product Obta‘ned when n-Butanol is added to i" product are given in 
the Reaction Gas at Atmospheric Pressure 


The values g’ven in Table 4° 
of Bactiea, number numbers number same conversions under conditions 
ef synthesis at atmospheric pres- 


Up to 100 16.9 - - 7 35.6 sure as in the earlier experiments 
100-130 34.2 1.67 720 30.8 - at higher pressures, 
<NDER CONDITIONS OF 
SYNTHESIS 


n-Propanol, b.p.94.6-97.0°; 45° 0.8039; nip 1.3853, was int-odueed nto the reactor in the way described 
above. The catalyst was first tested fo. 10 days with on.y CO-H mi-tie, et 300°/20 atm., and was found to be 
highly active. The productivity of the whcte of te catcZyst volume, with a -ate of flow of the gas of 30 L pez 
hour, was about 4 g of hydrocarbon per hour, with 90% cor-ersin. cf tre ca'bon monoxide, In experiments with 
n-propanol the alccho! was added at a sate eq-a. tc of p-oduction of hydrocarbon, as found in the 


preliminary experiments, but the rate of delivery of the gas was rediced to a third, so that a considerable part of 
the catalyst surface remained free, 


TABLE 5& At this reduced rate of delivery of the initial gas 
hydrocarbon synthes's (before addition of propanol) was 
Rate of supply. ie!d of hydrocar- as stown in Table 5. 
hosts. tat , action version Liquid 27s of popanol was p!aced in the dropping funnel, 
- = and was de!_ve-ed to the reactor duting 9.5 hour This gave 
10 59 89.4 | 0.98 310 34.26 g of L:quid products, and 4000 ml of gaseous hydro- 


carbons, i.e., 1100 m! more than is obtained during the 
same time under ordinary conditions. The percentage composition of the initial gas and of that obtained from it 
4.5 houss after addition of alcohol were as follows: 


Gas co, C,H, co kr Cig Applying the formula proposed by cer- 
41.0 520 us [9] for the calculation of contrac- 
5.7 43 43.2 36 

K = 3ay + 
+ 


where a;, by, cy and dy are the 'CO,, CO, H, and CH, contents of the gas initially and a, by, cg and d, are the cor- 
responding values in the issuing gas, we find a value for contraction of 57.6% (experimental value 59.0%). 


Applying the method of calculation earlier described [9}, we obtain the following reaction balance: 


1 cu. m. of the Initial gas contains 4701CO +5302 HK, Expressed gravimetrically: 
0.424 he fir : hy 
Se The reacted gas contains 242.0 30.0 322.2 
‘Total entering into reaction 4511CO+3361H, The CO, obtained contains 104.0 —- 278.0 
fa) - 
Of the The obtained contains 5.6 45.0 
‘ The CH, obtained contains 86 29 - 
Converted into CO, 1941CO 
> The higher hydrocarbons 
pate obtained contai 129.0 21.5 - 
Converted into CHg 161CO 321% 
Converted into higher hydrocarbons The reaction products ob-- ae 
2411CO 2411, tained contain 241.6 20.0 323.0 


As 1s cvident from these values, the syn*hes's of hyd-ocarbons proceeds with the same specd when n-propanol is 
intrctuced, and the degree of conversion of CO achieves 9 
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The liquid reaction products wele next cxdwed. The liquid was fractionated, and the aldehyde content. . 
and hydroxyl, acid, and ester numbers were determined for each fracuon (see Table-6). 


The .al-ulation of the content of oxygen-containing compounds is based on the assuinption that the process 
of conversion of a-propanol piocceds analogously tc that of n-butanol. The data of Tablc 6 show. that the amount 


of unreacted alcohol exceeds 50%, The total amount of oxygen-contatning of of n-propanol ts 
at least 4.4g.; and of liglid hydrocarbons not more than 10-12 g. 


Under the given conditions, from carbon monoxide and hydrogen during BShthave 


given rise to about 7 g of liquid and at least 2900 ml of gascous hydrocarbons [see Table 5}. Even if we assume 
that all the remaining liquid and gaseous hydrocarbon products of the reaction resulted from conversion of n 


propanol, the amount of hydrocarbons so formed would be approximately equal to that of a products 


actually obtained from ‘-propanol. 
TABLE 6 This fact, 
Characterization of the Products Obtained when n-Propanol is and also the re- 


added to the Reaction Gas latively low de- 


Boiling point Weight %Con- Aldehyde Alcohol Content | 
of fraction, of frac- tent of content, Hydroxyl content of acids, ‘ content 
tion, g aldehydes g number number umber; g under conditions 
Ee in which a con- 
45-10 1.4 26.5 - - - | siderable part 
10-95 19.65 6.5 1.30 533 11.20 $0.5 | 2.04 of the synthetic- 
95-150 2.5 - 1.77 40.0 0.13 75 0.39 ally active sur- 
Losses = ~ - | unoccupied, and 
Reaction { ! ‘ in which prac- 
3.0 a6 011 | 200 | . = | ticaty tora 
For the whole | 7 
of the product34.25 .  — — 0.13 12463" oxide takes 
Note Fractional distillation was conducted from a Favorsky flask. place, show 


that } n-fropanol cari also not be regarded as an intermediate product in the synthesis of hydrocarbons from carboa 
monoxide and hydrogen, 
DISCUSSION OF THE RESULTS OBTAINED 


The experimental material presented above showed that neither n-butanol nor n-propanol can be considered 
as intermediate products in the synthesis of hydrocarbons. These researches showed, moreover, that at the iron 
catalyst, under the given conditions, an ester-producing condensation of n-butancl and n-propanol takes place. 


2C,H,OH —> C3HyCOOC,H, + 2H, 
2C3H,CH —* C,H,COOC,H, + (tt) 


This condensation has been investigated in detail by numerous authors. The following mechanism seems, 
from a study of the literature [14, 15, 16}, to be the most picbable. It involved the three successive processes: 


C,H,OH —> C,H;CHO + Hy (a1) 
C3H,CHO + H,O —> C,H;COOH Hy (tv) 
+ C4H,OH — + H,O (Vv) 


The composition of the reaction product obtained in our experiments agrees well with this scheme [cquations (IN, 


(IV) and (V)}. 


It is significant that of these conversions the first two, (111) and (IV) are oxidation reactions, the oxidizing 
agent in reaction (IV) being water. This is of particular intercst in view of our carlier finding [8, 17, 18) that the 
fron catalysts are able, under conditions of hydrocarbon synthesis from carbon monoxide and hydrogen, to catalyze 


the reaction of oxidation of carbon monoxide with steain, suggesting that these catalysts may have the general 
property of accelcrating reactions of oxidation by water. 
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rhels catalytic powers are not, however, limited to these reactions, Equation (If) points to the dehydro-. 
genating activity of these catalysts under conditions of hydrocarbon synthesis, The property, reported in this and 
in earlier papers [8, 17, 18}, of iron catalysts of hydrocarbon synthesis to accelerate different oxidation reactions 


should be regarded as one of theirs most important properties, emerging from the indissoluble uaity of reactions of 
oxidation and reductioa, 


From this viewpoint it seems quite probable that the various oxygen-containing by-products of the process 
of synthesis of hydrocarbons are formed as a result of oxidatiog-teducuion reactions of any oxygen-containing 
synthesis products, which are primary products in relation to other oxygen-containing products, Such a primary 
product of the side-reaction might, for-example, be an aldehyde, formed from the appropriate olefim and CO 
+H,. Objections to such a mechanism might be based on the widely held view [7] that such reactions are not 


promoted by iron catalysts, and that the result of such reactions should be the formation in approximately equal 
amount of n- and iso-aldehydes and alcohols, 


A paper has, however, appeared recently [19], reporting that a catalytic reaction may be achieved in the 
presence of ircin carbony] and isocarbony) between olefins , carbon monoxide, and hydrogen, leading to formatioa 


of normal alcohols, without any admixture of iso-alcohols, This supports the view that the reaction proceeds as we 
postulate above, 


SUMMARY 


1, It has been shown that alcohols cannot be considered to be intermediate compounds in the synthesis of 
hydrocarbons, 


2. It has been shown that iron catalysts of the synthesis of hydrocarbons are capable under the conditions 


of the synthesis reaction.of accelerating the reactions of oxidation of alcohols and aldehydes, 


3. Hypotheses regarding the possible mechanism of formation of the various oxygen-containing- by-products 
of the reaction of synthesis of hydrocarbons are advanced, 
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REACTIONS OF DIENE HYDROCARBONS WITH NITROSO-COMPOUNDS 
ADDITION OF BUTA-1,3-DIENE TO p-NITROSOTOLUENE 


A. Arbuzsev 


The results of a study of the reaction of nitrosobenzene with buta-1,3-diene [1,2] showed that addition 
takes place according to the diene synthesis, with producticn of 2-pheny]-3,6-dihydro-orthoxazine, the structure 
of which was derived from a study of the structure of its reduction products, 


The results of a study of the reaction of addition of buta-1,3-diene to p-nitrosotoluene, which should 
lead to formation of 2-p-toly]-3,6-dihydro-orthoxazine (1), are presented in this papers 


Soy re) 

@ 


In our fira experiment we left a sealed tube containing p-nitrosotoluene and excess of buta-1,3-butadiene 
in a cold water bath for a day, duting which sime the color of the solution changed from green to light brown. 
The tube was then opened, excess of butadiene was evaporated off, and the residue was recrystallized from cyclo- 


hexane and then from ethanol, to give colorless needles of the 1:1 addition product, Cy,HyON, m.p. 46-47", 
yield 57% of theory. 


The next experiment was conducted at 0°, using organic solvents (chloroform, ether). The flask was 
temoved from the ice bath after 1-2 days, the solvent was evaporated off, and the residue was steam- or vacuume- 
distilled, giving a yield of 80-90% of addition product. 


The addition product was readily soluble in hot cyclohexane, methanol, ethanol, and ether, and in cold 
glacial acetic acid and chloroform, but is not soluble in water, It can be distilled without decomposition at 
reduced pressure (b.p. 112-113°/3mm) or with steam. It is shown to be 2-p-tolyl-3,6-dihydro-orthoxazine (}. 


Reduction of the addition product with zinc dust in acetic acid gives 4-ptolylaminobut-2-en-1-03 (I), 
which gives a crystalline dibenzoy] derivative (111), m.p. 130-131°, and a diacetyl derivative (IV) by the 
action of acetic anhydride, oxidation of which with potassium permanganate in acetone gives N-acety}-N- 
tolylglycine (V). 


CH Ch, Ch, COC 
& 

N+C;H, N-C;H; CH 
<=: = OCOC 


cH N+C,H, cH NH-C,Hy cH 
cH o CH OH CH  OCOCH, 
c ch Ch COOH 

cH N-C;H; cH NH-C,H, cH ‘NCH, 
cH —> ¢H 
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Reduction of 2-ptoly]-3,6-sihydro-orthoxazine (1) with zine dust and acetic acid under more severe 
conditions gave 1-p-+tolyl-2,S-dihydropyrrole (VI), also obtained by heating 4-ptolylaminobut-2-en-1-0l with 
zine chloride in acetic acid. Oxidation of 1-p-tolyl-2,5-dihydropyrrole (VI) with potassium permanganate of 
ferric chloride gives 1-ptolylpyrrole (VI). 


Reduction of 2-ptolyl-3,6-dthydro-orthoxazine (1) with sodium and ethanol or n-butanol gave N-crotyl- 
ptoluidine (VII), identified through its benzoyl derivative (IX) and acetyl derivative (X), oxidation of watch 
with potassium permanganate in acetone gave N-acetyl-N-p4olylglycine (V). 


EXPERIMENTAL 


Preparation of 2-polyl-3, 6-dihydro-orthoxaz ing 


Experiment 1*, 12.1 (0.1 moles) of p-nitrosctoluene and 21 g of butadiene were placed in a tube cooled 
in aa ethanol <olid carbon dioxide mixture, the tube was sealed, and was immersed in cold water (5-10°) for a 
day, shaking from time to time during the first 3 hrs. All of the p-nitrosotoluene passed into solution during the 
first 3.5 hrs, The solution was of a light brown color on the following day, and there were brownish-yellow 
crystals on the walls of the tube. The tube was cooled and opened, and excess butadiene was allowed to 
evaporate off. The residue was weated with hot cyclohexane (30 ml), and the solution was filtered hot, leaving 
a residue of about 0.8 g of a microcrystalline substance. Light yellow crystals separated from the filtrate, and 
were washed with cyclohexane and then twice recrystallized from 20 m} potions of ethanol, giving 10.0 g of 
colorless needles, m.p. 46-47°, yield 57% of theory. 


Found % C 75.51; 75.58; H 7.47; 7.44; N 8.18; 8.20 
Calculated C 75.4Q° H 1.48; N 7.99 


Experiment 2¢¢. A flask containing 9.6 g (0.08 moles) of p-nitrosotoluene in 75 ml of chloroform was 
cooled in ice, and 11 g of butadicne was added. The flask was taken out of ice on the next day, and the 
solvent was distilled off. The residue was stearm-distilled, and the crysta'line product was recrystallized from 
methanol, to give 11.3 g of 2-p+olyl-3,6-ditydro-orthoxazine, m.p. 46447, yield 81% of theory. 


Experiment 3. 75 g of butadiene was added to a solution of 72.7 g (0.6 moles) of p-nitrosotoluene in 
600 ml of chloroform, at 0°, and the solvent was distilled off after 24 hrs at 0°. The residue was vacuurm- 
distilled, to give 94.2 g of 2-p-+olyl-3,6-dihydro-orthoxazine, b.p. 112-113°/3 mm, yield 90%. The product 
gave colorless needles, m.p. 47~48°, after a single recrystallization from ethanol, 


Found %: C 75.40; 15.27; H 7.62; 7.83; N 7.97; 8.02 
ON. Calculated C 75.40; H 1.48; N 7.99 


Experiment 4. A solution of 30.3 g (0.25 moles) of pinitrosotoluene and 35 g of butadiene in 500 ml of 
ether was kept at 0° for 2 days, the ether was distilled off, and the residue steam-distilled, The product 
4 separating from the distillate was recrystallized from methanol, giving 35.0 g of colorless needles of 2-ptolyl- 
3,6-dihydro-orthoxazine, m.p. 47~48°, yield 


Reduction of 2-p4olyl-2,6-dihydro-orthoxazine by zinc dust in acetic acid, to give 4-ptolylaminobute 
2-en-1-ol 


20 g ofzinc dust was added to a solution of 17.5 g (0.1 mole) of 2-ptolyl-3,6-dihydro-orthoxazine in 
200 x3 of glacial acetic acid, in a $00 ml bortle, which was corked and shaken vigorously fer 10 min. 200 ml 
of water was added, followed by 275 g of potassium hydroxide, with cooling. The mixture was steam distilled, 
to remove volatile products, giving 0.5 1. of distillate, and the contents of the distilling flask were filtered hot. © 
The cooled filtrate was extracted with 5 100 mi portions of benzene, the extract was washed with water, the 
benzene was distilled off, and the residue was fractionally distilled in vacuum, to give 13.8 g of 4-ptolylamino- 
but-2-en-1-0l, b.p. 158-159°/3 mm, de 1.0553; nb 1.5761; found MRp 55.57; calculated MRpy 54.06; EMRp 1.51, 
yield 79%; a colorless liquid, gradually becoming yellow when kept. 


Found %: C 74,40; 74.21; H 8.80; 8.86; N 7.74; 7.72 
CyHyON. Calculated %: C 14.54; H 8.53; N 7.90 


* Experiment performed by the student N, L. Fedyukina. 
Expertinent performed by the student N. L. Fedyukina, 
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Dibenzoyl derivative of 4-ptolylaminobut-2-en-1-0) 


5.32 g (0.03 moles) of 4-p-tolylaminobut-2-en-1-0l in 10% sodium hydroxide solution (60 g) is shakea 
vigorously in a 100 ml bottle with 14.1 g of benzoyl chloride, added in 6 portions during 25 min, Excess 
of benzoyl chloride is then removed by heating the mixture. The crystalline product is dissolved in ether, 
and the solution is washed successively with water, 5% caustic soda, 3% hydrochloric acid, and again water. 
The ether fs then distilled off, and the residue is dried in a desiccator cver sulfuric acid, giving 11.0 g of 
ON-<dibenzoy! derivative of 4-ptolylaminobut-2-en-1-ol, m.p. 127.5-130°, yleld 95%. The m.p. after two 
recrystallizations from ethanol is 130-131°, 


Found $e C 77.88; 77.88; H 6.02; 6.24; N 3.74; 3.79 
Calculated C 17.90; H6.02; NS3.63 


Diacetyl derivative of 4-ptolylaminobut-2-en-1-0l 


A solution of 17.7 g (0.1 motes) of 4-ptolylaminobut-2-en-1-0l in 60 ml of acetic anhydride was heated 
under reflux on a boiling water bath for 3.5 hrs., after which acetic acid and anhydride were distilled off in 
vacuum (50 mm), and the residue at 2 mm, to give 23.4 g of the diacetyl derivative of 4-polylaminobut-@- 
en-1-ol, a colorless viscid liquid, b.p. 167-168°/2 mm, d%* 1.0855; nf 1.5260; found MR, 73.89; calculated 
MRp 72.66; EMRp 1.23. Yield 90%. 


Found S: C 68.78; 68.67; H 7.40; 1.55; N 5.28, 5.25 
CysHy3N. Calculated fe C 68.24; H 1.33; N5.36 


Oxidation of the diacetyl derivative of 4-ptolylaminobut-2-en-1-0l to N-acetyl-N-p+olylglycine 


A solution of 4.7 g (0.03 moles) of potassium permanganate in 300 ml of dry acetone was added during 
165 min. with continual stirring to a solution of 2.61 g (0.01 moles) of the diacetyl derivative of 4-polyl- 
aminobut-2-en-1-0l in 100 ml of dry acetone. The precipitate was collected on the following day, washed 
with acetone, and extracted with 50 ml of water. The aqueous extract was extracted with chloroform and 
was then made acid with dilute hydrochloric acid. The precipitate was collected, washed with cold water, 
and dried ‘n a desiccator over sulfuric acid, to give 1.15 g (S6% yield) of N-acetyl-N-p+olyiglycine, m.p. 
173-176", rising to 175.5-177 after recrystallization from hot wafer. Published m.p. data are 174-175° [3) 
and 175-176° {4}. 


Found %: C 63.79; 63.69; H 6.31; 6.34; N 6.79; 6.92 
CyyHy30,N. Calculated %- C 63.75; H 6.33; N 6.76 


The mixed m.p. with a specimen of N-acetyl-N-p-tolylglycine, m.p. 175-117, prepared by oxidizing 
N-allylacet-p4toluidide with potassium permanganate in acetone, was 175-177. 


Conversion of into 


25 g of zine dust was added to a solution of 17.5 g (0.1 moles) of 2-p+tolyl-3,6-dihydro-orthoxazine in 
50 ml of glacial acetic acid, in a round-bottomed 250 ml flask fitted with a reflux condenser. The flask was 
shaken, when its contents became very hot, leading to vigorous boiling lasting for some minutes. The mixture 
was then boiled for 5 hrs, 100 ml of water was added to the cooled mixture, which was made alkaline with 40% 
caustic soda, and was steam distilled. Nearly colorless crystals separated from the distillate, and were collected 
and dried over sulfuric acid; 10.9 g (6% yield) of 1-ptolyl-2,5-dihydropyrrole, m.p. 87-90°, were thus obtained. 
The m.p. rose to 92-93° after two recrystallizations from methanoL 


Found %: C 83.06; 83,14; H 8.24; 8.24; N 8 68; 8.56 
CyHyN. Calculated %« C 82.97; H 8.23; N 8.80 


Conversion of 4-p-tolylaminobut-2-en-1-0l into 1-p4olyl2?,5-dihydropyrrole 


A mixture of 17.7 g (0.1 moles) of 4-ptolylaminobut-2-en-i-ol, 10 g of anhydrous zine chloride, and 50 ml 
of glacial acetic acid was boiled under reflux for 5 hrs., 100 ml of water and 100 g of sodium hydroxide were 
added to the cooled solution, and 1-p-tolyl-2,5-dihydropyrrole was distilled over with steam, and dried over’ 
sulfuric acid: yield 11.4 g (72%), m.p. 87-90°, raised to 92-93° by twice recrystallizing from methanol, 


Oxidation of 1-ptolyl-2,5-dihydropyrrole with potassium permanganate, to give 1-p4olylpyrrole 
A solution of 4.7 (0.03 moles) of potassium permanganate in 300 ml of dry acctone was added, with 
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constant stirring, during 2} hrs to a solution of 4.78 g (0.03 moles) of 1-ptolyl-2,5-dihydropyrrole in 100 ml of 
dry acetone, The abate was {iltered on the following day, and the acetone was distilled off from the 
{Otrate. $0 mi of dilute (2:1) hydrochloric acid was added to the residue, which was then steam-distilled, 
The 1-p-tolylpyrrole collecting in the distillate was collected, washed with water, and dried over sulfuric | 
acid; yield 2.20 g (47%), m.p. 81-83, talsed by recrystallization from methanol to 8245. 


The product gave no depression of the m.p. of 1-p-tolylpyrrole, m.p. 82-89", ‘prepared from sient : 
Pptoluidine. Published m.p. data are 82° [5] and 79-79.5° [6} 


Oxidation of 1-p-tolyl-2,5-d thydropyrrole with ferric chloride, to give 1-p-tolyl pyrrole 


13.5 g (0.02 moles) of ferric chloride hexahydrate in 50 ml of water was added with stirring to a solution 
of 3.18 ¢-(0.02 moles) of 1-ptolyl-2,5-dihydropyrrole in 60 ml of 1:1 hydrochloric acid, and the mixture was 
steam distilled after an hour, to give 2.62 g (83% yield) of 1-p-tolylpyrrole, m.p. 82-€3°, unchanged by recry- 
stallization from ethanol. It did not depress the m.p. of a known specimen of 1-polylpyrrole. 


Reduction of 2-p-tolyl-3,6-dihydro-orthoxazine with sodium in ethanol, to give N-crotyl-p-toluidine 


Experiment 1. 50 g (about 2.2 g-atoms) of sodium was added in large lumps during 10 min, to a boiling 
solution of 35.0 g (0.2 moles) of 2-p-toly]-3,6-dihydro-orthoxazine in 659 ml of absolute ethanol fn a round- 
bortomed 3 1. flask fitted with a reflux condenser, and the m!xture was heated until all the sodium dissolved, 
It was then cooled and made acid with 1:1 hydrochloric acid, and steam distilled. It was then made alkaline 
with 40% caustic soda, and again steam distilled, collecting the light yellow ofl which separated from the 
distillate, and extracting the aqueous layer of the distillate with 3 successive 100 ml portions of ether. The 
ether extract was added to the ofl, and the solution was diied with anhydrous sodium sulfate. The ether was 
pepsi off, and the residue »as fractionally distilled in vacuum, giving 22.3 g of N-crotyl-p-oluidine, b.p, 

6-377/3 mm, 0.9458; nj} 1.5505; found MRp 54.34; calculated MRp52.53; EMRp 1.81. Yield 69%. N- 
pore -oluidine Is a ns, fairly mobile liquid, gradually becoming yellow; according to the literature 
its b.p. is 135°/33 mm [(7}. 


Found 4: C 81.85; 81.76; H 9.38; 9.27; N 8.55; 8.55 
CyHyN. Calculated % C 81.93; H 9.38; N 8.69 


Experiment 2. 50 g (about 2.2 g-atoms) of sodium was added in large pieces during 10 min. to a boiling 
solution of 35.0 g (0.2 moles) of 2-p-tolyl-3,6- dihydro-orthoxazine in 700 ml of absolute n-butanol, ina 31 
round-bottomed flask fitted with a reflux condenser with a broad inner tube. The mixture was then heated until 
all the sodium had dissolved; further manipulations were as in Experiment 1. 20 g of N-crotyl-p-toluidine was 


thus obtained, b.p. 96-97°/3 mm, dq? 0.9465; nf} 1.5505; found MR, 54.30; calculated MRp 52.53; EMRp 1.77. 
Yield 62%. 


Benzoylation of N-crotyl-p-toluidine 


8.4 g (0.06 moles) of benzoyl chloride was added in 5 portions to 6.45 . (0.04 moles) of N-crotyl-p- 
toluidine in 40 g of 10% aqueous sodium hydroxide, during 20 min., shaking vigorously after each additional 
excess of benzoyl chloride was decomposed by heating. The benzoylation prqduct was dissolved in ether, 
and the solution was washed successively with water, Se aqueous sodium hydroxide, 5% hydrochloric acid, 
and again with water. The residue after distillation of —_ was weewoneay distilled in vacuum, giving 9.17 g 
of N-crotyl-benz-p-+oluidide (IX), b.p. 168-170°/2 mm; az* 1.0597; n bl. 5781; found MR) 83.09; calculated 
MRp 81.26; EMRp 1.83, yield 867, a viscous, onsite colorless Liquid. 


Found %: C 81.87; 81.90; H 7 29; 1.22; N 5.31; 5.20 
CygH, PN. Calculated % bo: C 81.47; H 1.22; N 5.28 


Acetylation of N-crotyl-ptoluldine 


8.06 g (0.05 moles) of N-crotyl-ptoluidine and 15 ml of acetic anhydride were heated at 100° for 3 hrs 
under reflux. The acetic acid and anhydride were distilled off at 45 mm, and the residue was fractionally’ 
dLtilled at 3 Fy giving 9.20 g of N-crotyl-acet-ptoluidide (X), a colorless, viscous liquid, b.p. 120-120,5°/3 mm, 
d§° 1.0001; 5292; found MRp 62.71; calculated MRy 61:77; EMRp, 0.94. Yield 91% 


Found % C 77.08; 77.08; H 8.46; 8.47; N 7.16; 7.20 
Cy3l4,7ON. Calculated %: C 16,81; H 8.43; N 6.89 
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Oxidation of N-crotyl-acet-p-toluidice to N-acetyl-p4olylglycine 


A solution of 4,7 g (0.03 moles) of potassium permanganate in 300 ml of dry acetone was added during 3 
hrs. with constant stirsing to 2.03 g (0.01 moles) of N-crotyl-acet-ptoluidide in 100 ml of dry acetone, The 
solution was {tered the next day, and the precipitate was washed with acetone and extracted with 50 ml of 
water, The aqueous extract was extracted with chloroform, made acid with dilute hydrochloric acid, and filtered, 
The precipitate-was washed with cold water and dried in a desiccator over sulfuric acid; yield 0.56 g (27%) of 
N-acetyl-N-p-tolylglycine, m.p. 172-175°, rising to 175-177° after recrystallization from hot water, giving no 
depression with N-acetyl-N-prolyiglycine, m.p. 175.5-177, otained by oxidation of the diacetyl derivative of 
4-p-tolylaminobut2-en-1-0l, 


SUMMARY 
1. The reaction between p-nitrosotoluene and buta-1,3-diene has been studied, 


2. & has been shown that buta-1,3-diene adds on to ——_— according to the diene synthe, to 
yield 
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REACTIONS OF DIENE HYDROCARBONS WITH NITROSO-COMPOUNDS 


ADDITION OF CYCLOHEXA-1,3-DIENE TO NITROSOBENZENE 


e 


Yu. A. Arbuzov and T. A. Mastryukova 


It has been shown in earlier communications [1,2} that buta-1,3-diene and other dienes (penta-1,3-diens, 
hexa-2,4-diene) condense with aromatic nitroso-compceunds according to the diene synthesis, to give 3,6-dihydre- 


orthoxazine derivatives 
~ 
N-Ar N-Ar. 
q 4 
-< Oo 


We shall tn the present paper describe the results of a study of the resction between cyclohexa-1,3-diene 
and nitrosobenzene, which should tead to the production of 2-phenyl-3,6-endoethyleno-3,6-dihydro-orthoxazine 


CH CH 
CH CH, N-C,Hy CHCH, @ 
i 4 imum 
CH cH CHCH, O 


Cyclohexa-1,3-<diene was prepared by the method of Ziegler (3], depending on bromination of cyclo- 
hexene with N-bromosuccinimide. We found that this was obtained in 67% yield only, applying Ziegler*s 
miethod for bromination of succinimide, and his method was modified to give a 88% yield of N-bromesuccinimide. 
Bromination of cyclohexene with this gaye 3-bromocyclohexene in 73% yield; elimination of hyérogem bromide 
by means of quinoline gave cyclohexa-1,3-diene in only 44% yield. Better results were obtained by the action 
of sodium acetate, which gave cyclohex-l]-én-3-0l acetate in 89% yield, and this when heated with potassium bi- 
sulfate gave cyclohexa-1,3-diene in 66% yield. 


Condensation of cyclohexadiene with nitrosobenzene proceeded smoothly in ether or ethanol at 0°, to 


give a colorless crystalline product, m.p. 65-66°, which was shown to be 2-phenyl-3,6-endoethyleno-3,6-dfhydro- 
orthoxazine (D. 


Reduction of the addition product with zinc dust in acetic acid gave a crystalline product, m.p. 64.5-6S°, 
found to be 4-anilinocyclohex-2-en-1-0l (I), acetylation of which with acetic anhydride afforded the diacetyl 
derivative (IID, m.p. 56-57.5°. The presence of a double bond in compound (II) was shown by its catalytic 


hydrogenation, which gave the diacetyl derivative of 4-anilinocycluhexan-l-ol (IV), m.p. 122-123. (See top 
of next page). 


It had previously been found (4) that reduction of 2-phenyl-3,6-dihydro-orthoxazine (produced by con- 
densation of buta-1,3-diene with nitrosobenzene) with sodium in cthanol affords 1-anilinobut-2-ene, also obtained 


similarly from 4-anilinobut-2-en-l-ol (prepared by reduction of 2-phenyl-3,6-dihydro-orthoxazine with zinc dus 
and acetic acid). 


Reduction with sodium in ethanol of 2-phenyl-3,6-cndocthyleno-3,6-dihydro-orthoxazine (1 or of 4-anilino- 
cyclohex2-en-1-0l (II) should afford 3-anilinocyclohex-1-ene (V). This compound has not previously been 


described, and we synthesized it from 3-bromocyclohex-l-ene and aniline; its benzoy) derivative melted at 
85-86". 
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The expected amine (V) could not be isolated from the products of reduction of 2-phenyl-3,6-endoethyleno- 
3,6-dihydro-orthoxazine (I) with sodium in ethanol, which are a tarry mass. Reduction of 4-anilino-cyclohex2-en-l- 
ol (I) with sodium in isoamy! alcohol gave a low yield of amine having a b.p. and refractive index close to those 
of 3-anilinocyclohex-1-ene (V), but the benzoyl derivative p:epared therefrom melted at 72.5-74.5°. The reason 
for the difference in the melting points of the benzoyl derivatives may be that during reduction in iscamy] alcohol 
the double bond ef the 3-anilinocyclohex-l-ene (V) formed may have undergone displacement. Noeldchen [5] 


observed this sort of isomerization during the reaction between sodium and 3-anilino-cyclopent-1-ene in isoamyl 
alcohol 


EXPERIMENTAL 


Preparation of cyclohexa-1, 3-diene 


N-Bromosuccinimide. 17 ml of bromine was added during 80 min. to a solution of 52.0 g (0.323 
moles) of succinimide and 12.8 g (0 32 moles) of sodium hydroxide in 70 ml of water, in a round-bottomed flask 
fitted with a stirrer and a dropping funnel, cooled.in an ice-salt freezing mixture. The N-bromosuctinimide 
separating was collected, washed with 80 ml of ice water, and dried in a desiccator over calcium chloride, 
giving 50.8 g (88% yield) of N-bromosuccinimide. 


3-Bromocyclohex-l-ene. A mixture of 150 ml of carbon tetrachloride, 82.1 g (1 mole) of cyclo- 
hexene, and 42.6 g (0.24 g-atoms of active bromine) was heated on a water bath for 90 min., in a round-bottomed 
flask fitted with a reflux condenser. The cooled solution was filtered, to remove succinimide, which was washed 
with 50 mi of carbon tetrachloride. The filuate + washings were distilled, to remove carbon tetrachloride and 


unreacted cyclohexene, and the residue was fractionally distilled in vacuum to give 28.1 g (yield 73%) of 
bromocyclohex-l-ens; b.p. 78-79°/39 mm. 


Cyclohexa-1,3-diene. A mixture of 18.5 g (0.12 moles) of 3-bromocyclohex-l-ene and 46.5 g 
(0 36 moles) of freshly distalled quinoline in a 100 ml distilling flask fitted with a short fractionating column was 
heated in a metal bath at 140-150°, rising towards the end of the distillation to 170°; the receiver was immersed 
in freezing mixture. The distillate was washed with dilute hydrochloric acid and with water, and was dried over 
calcium chloride in presence of quinol, and then distilled from sodium, giving 4.08 g of twice-distilled cyclohexs- 
1,3-diene, b.p. 79.5-80°/736 mm; d§° 0.8394; njj 1.4750: found MRp 26.87; calculated MR, 26.77. Yield 44%, 


| 

3-Acetoxycyclohe x-1-ene A mixture of 29.5 g@ (0.36 moles) of freshly fused sodium acetate, | 

120 mi of glacial acetic acid, and 40 g (0.25 moles) of 3-bromocyclohex-l-ene was left for 36 hrs, after which it 

was diluted with 350 ml of water, and made neutral with soda. The upper layer separating was washed with water, i 
dried with fused caustic potash, and fractionally distilled in vacuum, to give 31.0 g (89% yield) of 3-acetoxycyclo= 

hex-l-ene, b.p. 58-69°/9 mm; dg 1.0020; njj 1.4588; found MRp 38.24; calculated MRp 38.13, 


CH CH, O H He CH Clk 
CH CH 
| a 
NH-Cgt CHYCO-N-C oly 
FF CH CH, Ch 
Sean: 
| 
ai 


Cyclohexa-1,3-diene, A 50 mi distilling Mask fitted with a short fractionating column and con- 
taining 30.2 g (0.215 moles) of 3-acetoxy-cyclohex-l-ene and 3 g of freshly fused potassium bisulfate was heated 
at 145-155°, cooling the receiver in a freezing mixture, The distillate was redistilled from 2 g of potassium 
bisulfate, and the distillate was washed successively with water, 5% caustic soda, and water, dried over calcium 
chloride in the presence of quinol, and again redistilled, giving 11.3 g (60% yleld) of cyclohexa-1,3diene, 
80-80.5°/739 mm; dg? 0.8409; nif 1.4751; found MRp 26.83; calculated MR, 26.77. 


Preparation of nitrosobenzene 


65 g of zinc dust was added in small portions during 20 min. to a mixture of 25 g of ammonium chloride 
in 800 ml of water and 50 g (42 ml) of nitrobenzene in a round-bottomed 1500 mi flask fitted with a mechanical 
stirrer; the temperature rose to 65° by the end of the reaction, The zinc oxide formed was filtered off and washed 
with 150 ml of hot water, The filtrate + washings were placed in a {reezing mixture, when crystals of B-phenyl- 
hydroxylamine separated, and 130 ml of concentrated sulfuric acid was added when the teniperature of the system 
had fallen to ~2°, the mixture was shaken, replaced in the freezing mixture, and crushed ice was added to the 
solution of 8-phenylhydroxylamine sulfate so obtained. A solution of 30 g of sodium dichtomate in 100 ml of 
water. at 0° was added rapidly to this solution when its temperature had fallen to —5S°, the container was shakea 
for a few minutes, and the nitrosobenzene formed was collected on the filter pump, washed with water, and 
steam-distilled, cooling the receiver in ice. The nitrosobenzene collecting in the receiver was separated on 
the filter, washed with water, and dried in a.desiccator over calc!um chloride, giving 23.7 g (S¥Py leld) of 
nitrosobenzene, m.p. 65-66*, not requiring any further purification, 


Condensation of cyclohexa-1,3-diene' with nitrosobenzene 


Experiment 1. A flask containing 5.35 g (0.05 moles) of nitrosobenzene, 5.00 g (0.06 moles) of cyclo- 
hexa-1,3-diene, and 50 mi of ether was placed in an ice bath. Gilstening crystals of the addition product began 
to appear within 2 hrs, and the reaction was completed with:n 24 hrs, The ether was then distilled off, and 
the product was recrystallized from ethanol, giving 8.45 g (90% yicld) of a colorless microcrystalline produwt, 
m.p. 65-66°. 2 Pheny}-3,6-cndoethyleno-3,6-dihydro-orthoxazine fs readily soluble in hot methanol, ethanol, 
acetone, and cyclohexane, but {s practically insoluble in water. 


Found %: C 76.90; 76.95; H 7.00; 7.03; N 7.36; 7.47 
CyH,ON. Calculaed %: C 76.97; H 7.00; N17.48 


Experimen: 2. A mixture of 5.35 g (0.05 moles of nitrosobenzene in 80 ml of ethanol and 5.00 g of 
cyclohexa-1,3-dicne was kept at 0° for 24 hrs, the ethanol was distiJied off on the water bath, and the residue 
was recrystallized from methanol, giving 8.05 g (8G yield) of 2-phenyl-3,6-endoethyleno-3,6-dihydro-orthoxazine, 
m.p. 65-66". 


8 g of zinc dust was added in 4 portions during 25 min., shaking vigorously after each addition, to a solu- 
tion of 3.7 g (0.02 moles) of 2-phenyl-3,6-endoethyleno-3,6dihydro-onhoxazine in 40 ml of glacial acetic acid, 
in a 100 ml bottle. 20 ml of water was then added, the solution was filtered, and the precipitate.was washed with 
30 ml of hot benzene. The filtrate was made neutral with aqucous sodium hydroxide, and the hot solution was 
extracted with 3 portions of benzene, the benzene was distilled off, and the residue was fractionated in vacuum, 
giving 3.6 g (96% yield) of 4-anilinocyclohex-2-en-1-0l, b.p. 168-168.5°/3.5 mm, 172.5-173.S°/S mm, which 
crystallized after long standing. The m.p. was 64.5-65.5S° after recrystallization from 1:1 ether-cyclohexane 
mixture, 


Found % C 76.22; 16,42; H 8.00; 7.96; N 7.32; 7.28 
CyHyON. Calculated C76.16; H 1.9% N 1.40 


The picrate was prepared from ethereal solution, and was recrystallized from ethanol, m.p, 142,5- 
143.5°, 
7 Found % N 13.43; 13.59 
Calculated N 13.39 


Diacetyl derivative of 4-anilicocyclohex-2-en-1-ol (111) 
A solution of 8.5 g (0.045 moles) of 4-anilinoc;clohex-2-en-1-0l in 40 mi of acetic anhydride was heated 
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at 100° under reflux for 3 hrs, acetic acid and excess of acetic anhydride were distilled off at 50 mm, and the . 
residue was distilled at 3.5 mm, giving 12.0 g (98% yield) of the diacetyl derivative of 4-anilinocyclohex-@- iy 
en-1-0l, 181-182°/3.5 mm, a colorless viscous liquid which crystallized after long standing, m.p. after 
recrystallization from cyclohexane 56-67.5° 


Found %: C 70.41; 70.59; H 6.99; 6.95; N 5.00; 4.93 
Calculated C 70.30; H 7.01; N5.18 


Diacetyl derivative of 4-anilinocyclohexan-1- -ol (IV) 


8.2 g (0.03 mole) of the diacetyl derivative of 4-anilinocyclohex2-en-1-ol in 90 - of dry ether was 
hydrogenated in presence of 1 g of platinized charcoal (10% Pt) at room temperature and ordinary pressure, 
672 ml of hydrogen (at N.T.P.) being absorbed during 50 min. The solution was filtered from the catalyst, and 


the ether was distilled off. The crystalline residue was recrystallized from ligroin, to give 7.2 g (87% yield) 
of the diacetyl derivative of 4-anilinocyclohexan-1-0], m.p, 122-123°, 


Found 4: C 69.90; $9.92; H 7.69; 7.57; N 4.88; 4.88 
Calculated Je C 69,79; H 1.69; N 5.08 


Re duction of 4-anilinocryclohex-2-en-1-o!: 


isoamy! alcohol 


wae 


: 10.5 g of sodium is added in a few portions to a boiling solution of 5.5 g (0.03 mole: of 4-anilinocyclo- 
hex-2-en-1-0l in 220 ml of anhydrous isoamy] alcohol, in a liter flask fitted with a reflux condenser, and boiling 

4 was continued until all the sodium had dissolved, The solution was cooled and made acid with hydrochloric 

; acid, and fsoamyl alcohol was removed by steam distillation, and the residual solution was made alkaline with 

‘ potash, and extracted with benzene. The benzene was distilled off, and the residue was vacuum distilled, to 


give 0.68 g of a product of b.p. 146-147°/13 mm, ny 1.5803 (benzoyl derivative, m.p. 72.5-74.5°, from ethanol). 


3-Anilinocyclohex-1-ene (Vv) 
: A solution of 20.4 g (0.127 mold of 3-bromocyclohex-l-ene in 45 ml of absolute ether was added in 

; small portions to 36.8 g (0.39 mole) of freshly distilled aniline. A precipitate formed immediately, and the 
solution became hot enough to boil gently. Sufficient 10% caustic soda was added the next day to dissolve 

the precipitate, the ether ‘ayer was separated, the aqueous layer was extracted with ether, the combined 

ethereal solutions were dried with fused caustic potash, the ether was distilled off, and the residue ys fractionally 


distilled in vacuum, giving 18.3 g (83%: y:eld) of 3-anilinocyclohex-l-ene, b.p. 132.5-133°/7 mm; a3? 1.02223 
njp 1.5804; found MRp 56.42; calculated: MRp 54.95; EMRp 1.47. 


Found %: C 83.30; 83,32; H 8.83; 8.93; N 7.85; 7.76 


CygHyN. C 83.18; H 8.73; N 8,09 
Benzoyt! derivative of 3-anilindcyclohex-1l-ene 


2.1 g (0.015 mole) of benzoyl chloride was added in 3 portions, with vigorous shaking after each 
addition, to 1.7 g (0.01 mole) of 3-anilinocyclohex-1-ene suspended in 7 ml of 10% caustic soda, The pre- 


cipitate was washed with water, and was recrystallized from ethanol, giving 1.97 g (72% yield) of the benzoyl 
derivative of 3-anilinocyclohex-l-ene, m.p. 85-86°. 
} Found %: C 82.31; 82.42; H 6.84; 6.88; N 5.09; 5.00 
CisHygON. Calculated Je: C 82.28; H6.90; N5.08 
SUMMARY 


1. The reaction between cyclohexa-1,3-diene and nitrosobenzene has been studied, 


2. It was found that the reaction proceeds according to the diene synthesis, with formation of 2-phenyl- 
3,6-endoethyleno-3,6-dihydro-orthoxaz ine, 
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SYNTHESES OF ACETALS OF ETHYLENE GLYCOL 


M. F. Shostakovsky, N. A. Gershtein, and Z. 8. Volkovs 


The acetals of ethylene glycol are undoubtedly of considerable theoretical and practical isterem. Many 
derivatives of ethylene glycol, in particular its ethers are widely applied in various branches of industry and is 
laboratory practice [1-3}. The Russian scient!sts Markovnikov [4], Eltekov [S} and Favorsky [6] made important 
contributions to our Knowledge of the properties of the a-glycols, including thelr general tendency towards is0= 
merization into the appropriate aldehydes and ketones, including, in particular, the pinacolin rearrangement, 
and the mechanism of these tansformations was elucidated [7}. These studies were also of practical signifie 
cance, such valuable substances as Favorsky"s dioxan, the importance of which can scarcely be overestimated, 
being obtained incidentally, Favorsky showed that a cyclic acetal (I) is formed at the same time as dioxan: 


OCH, 
OCH, 
In spite of the symmetrical structure of the ethylene glycol molecule, it behaves in many reactions as 
a compound possessing two hydroxy groups of different reactivity, necessitating the provision of different condi- 


tions for preparation of {ts mono- and di-substituted derivatives, such as its mono- and di-ethers and -esters [8-13}, | - 
or the mono- and di-alkylacetals. 


The latter group of substances is the subject of the present paper. The reason for the apparent non 
equivalence of the hydroxy groups of ethy!ene glycol is that the reaction proceeds in stages. The symmeuy 
of the molecule fs abolished by formation of the mono-derivatjve, and the introduction of new radicals or 
groups also affects the reactivity of the remaining hydroxy group. 


The alkylacctals of ethylene glycol were prepared by the method previously described by us, from 
monohydric alcohols and vinyl ethers 14-15} The monoalkylacetals were prepared by the thermal method, 
and the dialkylacetals mostly by the catalytic method, The reaction leading to production of the cyclic acetal 
CH;CH proceeds very easily. Monoalkylacetals are obtained from vinyl ether and ethylene glycol whea 
OCH, 
they are taken in the molar ratio 2:1, whereas when they are taken in equimolecular proportions the substance (I) 
is obtained instead of the expected monoalkylacetal. The dialkylacetals of ethylene glycol were obtained whea 
ethylene glycol containing catalyst was added to the vinyl ether; adding the catalyst to the ether, or to the glycol- 
ether mixture, led to production of methyldioxan (I). 


The reactions involved in the synthesis of alkylacetals of ethylene glycol may be represented by the 
following equations: 


OCH, | 
CH,CH (1) | + ROH R =C,Hs. 


CH,=CHOR + HOCH,CH,OH 


(21) Ch + CH,=CHOR 


OCH,CH,OH (R= 


: 
Rak ee: 
| 
Tae 
q 
(0) 
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2CHy=CHOR ¢ HOCH,CH,OH ad (R* GH) 


2cH=CHOC,H, + HocH,cH,on OCH,CH OH 


| 
2CH,= CHOC,H, + 
oc H 
| 
OCH,CH,OH 
OC, Hg 
| 
CH,——> CH,CH + 
OcH,;-C OCH,CH,QOCHCHg 
| OG, Hy 
(vIQD 
CH,CH CHCH, ——> CH;CH | + 
OCH, 


It is very probable that acetalization of one of the hydroxy groups of ethylene glycol causes enhancement 
of the activity of the hydrogen atom of the remaining one, thus leading to cyclization of the monoacetal] with 
elimination of alcohols 


i 

OR oc 

4 

CH,=CHOR + HOCH,CH,OH —> CH,CH —>CH,CH + ROHL 
OCH,CK,OH 


; Presence of excess of vinyl ether evidently favors formation of a hydrogen bond, which hinders transfonnatioa 
' of the monoacetal into a cyclic acetal: 


OR 


+ —> CHCH 


OCH,CH,OH, 


CH,CH 


OCH,CH,OH 
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According to Shostakovsky*s oyonium theory [17,18,19} presence of H fons in catalytic reactions activates the 
molecules of vinyl ethers, with formation of oxonium complexes, thanks to which the reaction proceeds more 
energetically, and involves both of the hydroxy groups of ethylene glycol, 


EXPERIMENTAL 


Synthesis of B-hydroxyethylethylacetal (11) 


A mixture of 144 g (2 mole) of vinyl ethyl ether, b.p. 35.6-36°: 760 mm, (nf§; 1.3378; d5° 0.7531)and 62 g 
(1 mole) of ethylene glycol, b.p. 92.5°/8 mm; ™ 1.4320, was heated In a rotatory stainless steel autoclave, 
capacity 0.5 1, for 12-15 hrs, at 200-225°, pressures of 25-35 atm. being developed. The product was a homo- 
gensous, mobile, straw-yellow Mquid, weighing 194.6 g, lorses due to vaporization of excess of viny! ethers 
amounting to 11.4 g. 


The product was fractionally d'stilled in vacuum in a stream of nitrogen previously passed through 
alkaline pyrogallo} solution, concentrated sulfuric acid, and alkal!, successively. Two products were isolated, 
B-hydroxyethylethylacetal (ID, b.p. 59.2-60°/2.5 mm (91.15 g, 68% yield), and the substance (Vi), b.p. 129- 
130°/2 mm (7.75 g, 7% yield of ethy!ene glycol). 


B-Hydroxyethylethylacetai has the following constants: b.p. 59.2-60°/2.5 mm, 55.75°/2 mm; re 
1.4180; dg? 0.9753; MR, 34.64; calculated for CgH.Os MRp 34.719; found M 132.4; 132.6; calculated M 
134.2, 


Found %z C 53.80; 53.71; H 10.48; 10,54 
Calculated%: C 53.73; H 10.45 


B£-Hydroxyethylethylacetal has not previously been described. It is a colorless, odorless, mobile, trans- 
parent liquid, soluble in ethe:, and benzene, resdily soluble in ethanol and water, and reacting fairly energetically 
with sodium. Its structure was established by hyd-olys’s, with determination of the aldehyde, and by synthesis 
from it, as the aleoholfc component, of acetal by the action of vinyl ethyl ether. 


Hydrolysis of B-hydroxyethylethylacetal 


OG Hs 
HOH CHCHO + C,H,OH + HOCH,CH,OH 


OCH,CH,OH 
Hydrolysis with 2% sulfuric acid did not proceed to completion in the cold, the yields. amounting to 
88-94%. The method used by us was to heat the acetal in a sealed ampoule with 50 ml of 2% sulfuric acid for 
2-4 hrs at 100°. The contents of the ampoule were then transferred to a yolumetric flesk, adding water to the 
mark, and taking 10 ml of the resulting solution for determination of acetaldehyde, 


Acetaldehyde was determincd by adding approximately 0.2 N sodium bisulfite, excess of which was 
titrated with 0.1 N fodine solution. A samp'e of 0.5703 g of substance was hydrolyzed, and the volume of the 
product was made up to 200 mL. 4.25 mi of 0.1 N fodine was used to titrate 10 ml of the solution, corresponding 
with a value of 99.89% of the theoretical value. Results were calculated froin the formulas 


(a—d)-MK 
v-200 ° 
where a is the number of ml of 0.1 N ¥ used in a blank titration, b is the number of ml of 0.1 N i, used in titra- 


tion of excess of bisulfite, M is the mol. wt., K is the correction factor for the fodine solution (0.9662), and V fs 
the weight of substance taken, 


% acetal = 


Acctalization of B-hydroxyethylethylacetal 


OG Hg Hg H5C,0 
+ CH,=CI+0C,H, —> CH,CH SCHCH, 
OCH,CH,OH “OcH, CH,O 


* The method of determination {s described in reference (16}, 
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A drop of 33% hydrochloric acid was added as catalyst to a mixture of 34 g (0.25 mole) of B-hydroxy> | 
ethylethylacetal and 18 g (0.25 mole) of viny! ethyl ether, The reaction proceeded with liberation of heat, 
the temperature rising from 22° to. 78°. The mixture was shaken from time to time, until the temperature ceased 
to rise, after which it was left overnight, The mixture was then fractionally distilled in a stream of nitroge 
giving 35.15 g (67.9% yield) of pure product (IID, b.p. 85-85.5°/5 mm; 67.5-68° at 2 mm; my 1.4112; 
0.9274; $5.15; calculated for MRp 54.952, Found M 189-190.8; calculated M 206.3. 


Found %: C 57.80; 57.80; H 10.69; 10.85 
CisttysOq. Calculated $e: C 58.25; H 10.68 


Compound (IID) is further described below, in the: paragraph dealing with its synthesis from ethylene glycol. The 
preparation of the diacetal has been described in a Patent specification, which gave only the b.p. 97°/13 mm [20}, 


8-Hydroxyethyl-8 -ethoxyethyHdeneoxyethylacetal (VI) is a colorless, odorless, liquid, soluble 
in ether, and very soluble tn ethanol and water, very hygroscopic, b.p. 129-130°; n zs ip 1.4408; d;° 1,063; MRp 


55.13; calculated for CygHp30, MR, 55.163. Found mol, wt., determined eqonasitiiliy in benzene solution, 
224.8; 221, calculated for CysH,,O, 222.3. 


Found %: C 51.70; 51.92; H 9.95; 10.00 
Cyst. Calculated %: C 54.05; H 9.91 


The dif ference between the actual and the theoretical analytical values {s ascribable to the hygro- 
scopicity of the product, and to possible formation of a hemihydrate, for which % C would be 51.95, and 
H 9.9%. This assumption is supported by the following facts: (a) repeated distillations always give a small 


amount of water, and (b) the product at first reacts very energetically with sodium, but the reaction soon slows 
down, usually taking 2-3 days for completion. 


Analysis cf the freshly distilled product gives a higher C content, although it is still less than the 
theoretical, 


Found %: C 52.33; 52.40; H 9.84; 9.88 
Calculated C 54.05; H 9.91 


Hydrolysis is incomplete in the cold, ‘being. to only 90-91%, as compared with 98.92%, calculated from 


the composition CysH_»O-% HO, when the product {s heated in a sealed bulb, as described above. 
Synthesis of the diethylacetal of ethylene glycol (iD 


The reaction, which was catalyzed by 33% of hydrochloric acid, was conducted in a flask fitted with 
a reflux condenser, a mechanical stirrer with a mercury seal, a thermometer, and a dropping funnel, Ethylene 
glycol containing 0.025-0.05 g of hydrochloric acid per 0.5 mole of compound (II) was added drop by drop to 
vinyl ethyl ether in the flask; an inverse order of addition of the components converted the reaction towards 
production of the cyclic acetal (1). The experimental conditions are given in the Table. Two products were 
obtained in all cases; the expected dialkylacetal (1M) and a higher b.p. product (VID. 


The acetal (I) had the following physical constants: b.p. 92°/9 mm; 86° at 6 mm; nip 1.4110; d? 
0.9274; MRp 55.14; calculated for C,,H..O, MRp 54.952, cryoscopically determined molecular weight (in 
benzene) 190.9, 203.8, calculated M 206.3. 


Found %: C 57.91; $8.32; H 10.75; 10.78 
Calculated C 58.25; H 10.68 


Hydrolysis of the dialkyldiacetal of ethylene glycol (itt) 


CH,CH SCHCH, + 21,0 2CH,CHO + 2C,H,0H + HOCH,CH,OH 
c 


Hydrolysis was performed without heating, in stoppered Erlenmeyer flasks, in which the sample was shaken 
with 25 ml of 2% sulfuric acid and 25 ml of approximately 0.2 N NaHSOg until dissolution Is complete, when it 
was left for 15 min., and excess of bisulfite was titrated with 0.1 N fodine. The content of diethylacetal of 
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ethylene glycol (IT) thus found was 98.59% and 99.57% of ste theoretic.a’ value, criculated for Ths 
diethyttlacetal of ethylene glyco) (VM) had b.p. 149.5-150°/2 mm; 4235; &° 0.9747; MRp 76.82; 
calculated for CyH. Og 76.710. Found M 277.3; 280.0; calculated M 3 


Found %: C 57.34; 57.11; 57.00; H 10.41; 10.32; 10.98 
Calculated fe: C 57.14; H 10.20 


Hydrolysis of the diethyltrfacetal of ethylene g'ycol, which “apes accord!ng to the equation 


CH,cH act 2¢,1,0H + 2HOCHCH,OH, 
\ 

shows that our product comtains 97.86% or 97.65% of substance (VII). : 


The results agree with the formula proposed for the s. bstanc e>. In sddition to the products enumerated, 
an additional fraction, bofling over the range of tempe:atures fom 168° to over 200°, with partial decompdsi- 
tion, and of which the highest b.p. fractions partially soi’d‘f'ed in the condenser, was obtained. The latter 
fraction, amounting to a yield of about 1.5%, way not furthe: invest‘gated. 


Synthesis of B-hydrovyethylbutylacetal qv) 

Experiment 1. 8-Hydroxyethylbutylacetal w2s synthesized simiarly to B-hydroxyethylethylacetal 
(I). The cyclic acetal (I) was obtained instead of the expected acetal when vinyl n-butyl ether and ethylene 
glycol were taken {n equimolecular proportions. 53 g of viny} n-buty! erhe:, b.p. 93.2-93.8°/76 mm; nf 1.4026; 
d%° 0.7790 and 31 g of ethylene glyco}, B.p. 96°/7 mm; njy 1.4320, gave after the first fractionation: Fraction 1, 
ys nae by cooling the condenser spiral to —14-15°, at 2 mm: 29.57 g; rfp 1.39825 


Fraction 2, b.p. up to 35°/2 mm; 36.17 g; ry 1.4018. : 
Residue in-the distilling flask, separzting Into two layers, 6.20 g. 


Fraction 1, after treatment with sodium, gave 28 g of the cyclic acetal of ethylene glycol, b.p. 81.5- 
82.5°, 1.3975; 0.9823; found MR, 21.64; catculated for MRp 21.758. 


Fractional distiNation of fraction 2 atmospheric pressure gave 35.6 butanol, b.p. 116-118"; 
n®® 1.3995. The residue gave 2.7 g of dibutylacetal, b.p. 181-184°/758 mn: ni D 1.4080, and 1.7 g of butanol, 
b.p. 115-120°. The reaction thus gave: 


1) CHSCH --- 28.0 g (68.6% of theory): 
OC 
2) . 37.3 g (95% of theory) 


3) CHJCH (OC,Hg . 2.7 g (5.80% of theory). 
These data show that the reaction may be iepsesented by the equations: 


aly 
CH,=CHOC,H, HOCH,CH,OH ——> (1) 
OCH,CH,OH 
OC 
CH,CH —> | + C,H,0H (1) 
4,CH,OH OCH, 
CH,= CHOC H, +C,H,OH ——> CH,CH (OC;Hy). 
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TABLE 
Synthesis of the diacetal of ethylene glyco’ 
Expt, Ratio of reagents "Moles of % Yield, Yield Method of ueatment of 
No. HOCH,-CH,OH iiCl cata- of basic of by- the reaction products 
mole | mole _' lyst (30%) product product and of isolation of the 
i individual fractions 
1 4 0.6 (42-20% (11.41 2.95 Vacuum distillation Addition of vinyl 
without neutraliza- ethyl ether to ethyi- 
| \ tion of the catalyst ene glycol. Basic 
product is (1). 
1 42-10% '68.98 18.84 dino Addition of ethylens 
glycol to vinyl ethyl 
: ether 
: 2 1 az10% 6122 73 ditto 
2 1 ‘42-10% 66.6 20.1 Neutralization of 
4 i catalyst with solid 
K,CO, and vacuum 
distillation of filvats 
2 1 42-10% 63.4 172 dito 
6 2 1 42-10% 42.88 12.31 
K,CO, washing with 
water, drying over 
K,CO,, and vacuum 
distillation : 
7 2 0.5 42-105 65.97 12.95 Treatmentofthere- 
action products with 
sodium, followed by 
j vacuum distillation 
8 0.5 421085 | |, = Vacuum distillation Sole product is the 
| cyclic acetal 
CH,;C 


NOTE. It appears from the Table that the best yields are obtained with a ratio of reagents of 2:1, adding 


ethylene glycol + catalyst to vinyl ethyl ether. The opposite order of addition, and also a ratio of 1:1, as in 
Expts. 1 and 8, lead to formation of cyclic acetal. 


Experiment 2. Experimental conditions as above, but the ratio of vinyl n-butyl ether to ethylene 


glycol was 2:1 mol. 100 g of vinyl n-butyl cther and 31 g of ethylene glycol gave 127.6 g of liquid product 
(losses 3.4 g), the first fractionation of which gave: 


Fraction 1, b.p. 26-30° at 8 mm, 31.17 g (condenser spiral cooled to —14°) 
Fraction 2, b.p. 32-72’ at 3 mm, 10.53 g. 
Fraction 3, b.p, 73-85° at 3 mm, 5.73 g 
Fraction 4, b.p. 138-147 at 3 mm, 58.31 g. 


i Fraction 5, b.p. 163-234° at 3 mm, 13.00 g with decompositioa, 
Fraction 1, after treatment with sodium, gave 28.5 g of vinyl n-butyl ether, b.p. 93-93.6° at 758 mm 


ny 1.4025. Similar treatment of Fractions 2 and 3 gave 9.8 g (about 6% of theoretical) of dibutylacetal, b.p, 
183-186"; ny 1.4088, 


Triple fractionation of Fraction 4 gave two products, one of which was B-hydroxyethylbutylacetal (IV) 
(17.5 g, or 21.07%: of theoretical yield), while the other was the dibutyldiacetal of ethylene glycol (V) (21.2 g, 


or 10% of theoretical yield), Prolonging the reaction time did not lead to production of higher yiclds of the 
products, 
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B-Hydroxyethylbutylacetal fs colorless, transparent Liquid, b.p. 78-79 at 2mm. 92-93° at 3 mm; 
nf} 1.4250; dj? 0.9435; MR 49.88; calculzted for C,H,,05 MRp 43.955; found M 161.3; 161.4; calculated 
M 162.22, 

Found C 59.40; 59,19; H 11.20; 10.93 

The structure of substance (IV) was established by its hydrolysis, and by the synthesis from it of substance ay 
(V), by reaction with vinyl n-butyl ether, 


Hydrolysis of-3 hhydroxyethylbutylacetal proceeds {n accordance with the equation 


OC 
+¢HOH ———* + C,H,OH + HOCH,CH,OH 


=e under the same conditions as for the preced!ng product, and ind!cste a content of 6 hydroxyethylbutylacetal 
(IV) of 98.31% oF 99,03, 


-Acetalization.of B-hydroxyethylbutylacetal 


Cig = CH-OC,F, = 


OCH,CH,OH 
9.5 g of substance (IV) and 6.0 g of vinyl n-buty) ether in presence of catalyst gave 12.8 g of substance 
(V), a yield of 85.5%. It had b.p. 120.5-121° at 2 mm; rp 1.4220; até 0.9072; MRp 73.50; calculated for 
Cygllyg% MRp 73,424; found M 274.8; 274.2; calculated M 262.4, 
Found %: C 64.65; 64.36; H 11.64; 11.58 
Calculated %: C 64.13; H 11.45 


Ttie structure of compound (V) has thus been established fn two ways, and is beyond doubt, 


Compound (V), obtained in the synthesis of compound (IV), has b.p. 120-121° at 2 mm; 128-129° at 
2.5 mm; 137-138" at 3-mm; 1.4220; df? 0.9095; 73.20; calcuiated for MRp 73.424; found 
M 254.7; 256.8; calculated M 262.4 


Found %: C 63.81; 63.94; H 11.60; 11.61 
CygH Calculated Jr C 64.13; H 11.45 
Hydrolysis of the dibutylacetal of ethylene glycol (V) 


OCH, HCO 
CH,CH + 2H,0 2CH,CHO + 2C,H,OH + HOCH,CH,OH 
OCH, 
showed a content of compound (V) of 91.89% or 38.9 


It was not possible to separate individual fractions of the h'gher b.p. fractions, as they undergo decomposition 
even at pressures of the order of hundredths of a mm, 


Catalytic synthesis of the dibutyldiacetal of ethy'ene g!ycol (V) 


Two experiments were performed, applyirg the same cond.t:ons as for synthesis of the difacetal (1). The 
reaction products of the first experiment, without prelim‘nary neutralizat‘on of the catalyst, were fractionally 
distilled under reduced pressure in a stream of mtrogen. In the second expcr:ment the catalyst was first neutralized 
with solid potassium carbonate, 


Experiment 1. 93 (1.5 mole) of ethylene glycol wth 2 drops of 33% tiydrochlorie acid was added 
drop by drop to 300 g (3 mole) of vinyl n-butyl ether. The :eact:on products were fractionated under reduced 
pressure, fa a stream of nitrogen, The first fractionation gave the follow!ng results: 
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Fraction 1, b.p, 20-21°/4 mm, 13.9 g; ny 1.4908 (condensed In a spiral cooled at -14° to -18°), 
Fraction 2, b.p, 21-66°/4 mm (bulk at 64-66"), 47.4 g, ny 1.4058, 

Fraction 3, b.p, 66°/4 mm, 154.6 g; nfs 1.4147, 

Fraction 4 125-135* at 3 mm (bulk at 133-135"); 1.422, 

The residue of 20.5 g decomposes at its b.p, 


Fraction 1, after treatment with sodium, gave 72.0 g of cyclic acetal of b.p, 81.5-62°; nif 1.3987; f° 
0.9798; MRp 21.67; calculated for CgHyOg MR, 21.758, 


Fractions 2 and 3 when stinilarly treated with sodium gave 176.3 g of dibutylacetal, b.p. 64°/2.5 mmy 
nt? 1.4090, 
D 


Fractions 4, after two redistillations , gave 65 g of the dibutyldiacetal of ethylene glycol (14 yield, 
calculated on ethylene glycol taken), b.p, 128°/2.5 mm; njj 1.4222: d§® 0.9079; MRp 73.33; calewlated for 
CygHyg% MRp 73.422, 


Experiment 2. The experimental conditions were the same as before, taking $3 g of ethylene glycol 
(1.5 mole), and 300 g (3 mole) of vinyl n-butyl ether. After completion of the reaction the product was treated 


with anhydrous potassium carbonate, in order to neutralize the catalyst, filtered, and the filtrate was fractionally 
distilled as before, The results of the first fractionation were: 


Fraction 1, b.p. 20-21°/40 mm (in the condenser spiral), 19.87 g; nj} 1.4070, 
Fraction 2, b.p, 40°/40 mm, 11.80 g; nf} 1.4090, 

Fraction 3, b.p. 101-105°/42“45 mm, 64.35 g; nb 1.4125, 

Fraction 4, b.p, 125-172° at 42 mm, 229.0 g; nfy 1.4238. 

Residue 36.25 g; nb 1.4145, 


The first three fractions were shaken with 2% potassium carbonate solution, and then repeatedly with 


water, dried with anhydrous potassium carbonate, and redistilled, giving 25.6 g of dibutylacetal, b.p, 182-185°, 


Repeated redistillation of Fraction 4 gave 35 g of a substance with the physical constants of compound (V). 
The bulk of Fraction 4 was dibutylacetaL 


Product (V) from both experiznents, after redistillation, boiled at 128-130°/2.5 mm; nfy 1.4220; dg 
0.9075; MRp 73.26; calculated for CyH3,0, MRp 73.424 found M 251.8; 256.3; calculated M 262.3. 


Found 4: C 64.27; 64.11; H 11.62; 11.47 : 
Calculated C 64.13; H 1145 


Hydrolysis of the dibutyldiacetal of ethylene glycol (V) 


OCH, HO 
CHCH, + 2,0 2CH,CHO + 2C,H,OH + HOCH,CH,OH 
H, CHO 


gave values of 98.6 or 99.82% of theoretical for the composition of compound (V). Thus we see that the reaction 
between vinyl butyl ether and ethylene glycol in presence of HCl catalyst leads to production of the dibutyldi- 


acetal of ethylene glycol (V), although only in 15% yield. The results indicate that the diacetal (V) is very un- 
stable, undergoing decomposition in two directions during distillation: 


OC,H, CH,=CHOC,H, + HOCH,CH,OH 
cH, 


followed by cyclization, to give the acetal 


ene | 
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and by formation of dibutylacetal by reaction between vinyl n-butyl ether and butanol. Evidently increase 
in the size of the radical R In ethylene glycol acetals with open chains renders them less stable, 


SUMMARY 
1. The conditions for synthesis ef B-hydroxyethylalkylacetals have been worked out. 
2. Conditions for synthesis of dialkylacetals have been elucidated, 
3. Theis tendency towards disproporionation with further transformations has been demonstrated, - 
4. Of the 6 compounds synthesized 5 have not previously been prepared or described, 
5. A mechanism explaining the transformations {s presented, 
Received November 20, 1962 : : Institute of Organic Chemistry 
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SYNTHESIS AND POLYMERJZATION OF VINYLCAPROLACTAM 


M, F. Shostakovsky, N. A. Medzykhavskaya, and M, G. Zelenskays 


The development of polymertzacion: processes as 9 bas's for prod-c**on of hgh molecular substances has 
led to the intensive development of methods of synthesis.of unsstureted compounds, and to a study of their 
chemical properties [1} Vinyl ethers have assumed cons‘derable ‘mportance during the past decade, and thelz 
synthesis has been based on the reaction of vinylation, introduced by Favorsky and Shostakovsky [2] Atentios 
was directed basically in these studies towards the reaction between acetytene and alcohols, and towards the 
investigation of the properties and wansformations of the ethers obtained [2} 


Much less attention has been devoted to the study of the products of reaction of acetylene with compounds 
containing nitrogen or sulfur. Most of the published references to n trogen conta_ning vinyl derivatives and theiz 
polymers are in the patent literature, although this class of compo-nds :s of cons derable interest {3}, A study of 
the conditions of preparation of these compounds, and of their p:cpert’es ard characteristic reactions may provide. 
us with a much more profound understanding of the mechan‘sm of t: ansformation of various vinyl derivatives. 


Of the group of nitrogen-containing vinyl compounds N-viny!-py":o'idone [4] ‘s of particular interest, in 
view of its polymer. It is synthesized usually in the follewing way: - ; 


butane-1,4-diol —> y-dutyrolactone ——* pyrrolidone 
The polyvinylpyrrolidone molecule contains the carbamido group, sumiarly to proteins 


OH 


Our studies included preliminary investigations of synthesis of pyrroudone by the above reactions, as well 


as work on vinylcaprolactam and its polymer, since these are based on mate.ia's whi a ate readily available, and 
which have been widely used in our industry. 


It may be supposed that polyvinylcaprolactam, the molecule of wh!ch also contains the carbamido-group, 
should possess a number of valuable properties. There are no references in the literature to polyvinylcaprolactam, 
and only brief references to vinylcaprolactam in the American patent literature, whereby vinylation of capro- 
lactam is conducted in toluene solution by means of acetylene diluted w.th nitrogen, in presence of potassium 
salt of pyrrolidone as a catalyst. The vinylation of pyrrolidone and its derivatives (methytpyrrolidone) and 
homologs (piperidone and €-caprolactam) was conducted in the presence of known catalysts of this process (alkalis, 
“alkoxides) and of less widely knoWn catalysts, such as salts of lactams, imides, sad amides: Solvents which may 
be used in the process are toluene, decalin, and vinyl] ethers [5}. 


In the preparation of vinyleaprolactam we took potassium hydroxide as the catalyst, as well as the potassium 
salt of €-caprolactam, which we were the first to apply for this purpose. The solvents used were viny] butyl ether or 
toluene. Vinylation proceeds only very slowly, even at 170 175°, using powdered potassium hydroxide as the cata- 
lyst and viny] butyl ether as the solvent; the reaction mixture contained a !aige amount of unreacted €-caprolactam, 
with tarry products, but only traces of vinyl compound. Much better resuits were obtained with potassium salt of 

€-caprolactam as catalyst, when the yields of vinyl derivative were 71% of theoretical, 
catalyst 


CH,(CH,)CO ————> CH,(CH),CO. 
N 
H CH=CH, 


Vinylation was effected with undiluted acctylene, which was shown by Shostakovshy to give good results in 
the preparation of vinyl ethers, The vinylcaprolactam so obtained was a crystalline substance, which has not pre- 


viously been reported, It is very hygroscopic, and when left in contact with the atmosphere it can absorb an equi- 
molecular amount of water; the hydrate so obtained docs not crystallize. 
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potassium or sodium salt of the lactam, and we accoid!ngly ca!l our catalyst the potassium salt of «-capro- 


lactam: 
¢K(Na) ——> oH 

We found that the amour of hydrogen evolved when potassium Js added to €-caprolactam !s considerably 
less than would follow from the above equat‘on, suggesting that much of it {s used In some hydrogenation reactica, 
It might be supposed that the resvlt:ng products could be anol as well as 
hexamethyleneimine Qechae and other products. There aie grounds for believing that these products are 

NH 


formed by the action of sodium on caprolactam {n ethanol solution, 


Hydrolysis of vinyteaprolactam wth sufucte gives ¢-caproiactam and acetaldehyde, through 
the semi-acetal: 


4 
CH,(CH;)CO +H,O —~ cue” + CH (CH, 
H 
wee W 
CH=CH, OH H 
€ Caprolactam is obtained in smal! yie’ds oriy from the reaction mixture, owing, in our opinion, to 
formation of water-soluble-aminocapron’c acid and :ts salts: it is known thet heating of ¢-caprolactam with 
acids leads to formation of 4.) COOH [6) By subjecting €-caprolactam 


to the action of acid, under the seme conditions as for bh vdzo!;s's of vinyle* projactam, we were able to recover 
cnly very small amounts of €-caprolactam. 


The psediuct of reaction of potassium ‘or sodjum with such lactams as pytrol'done ‘s usually termed the 


Vinyleaprolactam js not so read:ly hydrolyzable as ace the v ny! ethers, suggesting that during vinylation 
€ ~caprolactam reacts as a lactam, giving N~winyl deivatives. It js known that with excess of reagent and at 
higher temperatures ¢€-caprolactam gives princ:pally N-der:vat.ves, and that O-derivatives when formed are 
transformed into N-derivatives wien heated [8} A fall tue of free aldehyde produced 1s obsarved when 
the temperature of hydrolysis is raised, due to the tendency of the aldehyde to condense with amino-acic, to give 
N-alkylidene derivatives. We did not in the present research make any more detailed study of the conditions of 
full hydrolysis of vinylcaprolactsm. The process of polymerzation of yvinylcaprolactam is of considerable interest: 


CHyCH),cO cu, ~ 
CH,N-CO 
4 
CH = CH, (CH), 


A preliminary test of the capacity for polymenization of vinylcaprolactam, taking as catalyst ferric 
chloride, which is widely applied to the poivmerizatzon of vinyl ethers (8) did not give the desired results; this 
is further evidence that our product is the N-vinyl, and not the O-vinyl derivative, 


Formation of polymer was not observed with benzoyl peroxide at 55-60°; we found that activation of the 
vinyleaprolactam molecule by perox:des tequires a temperature higher than 100°, The high temperature required 
for polymerization of vinyllactams (vinylcaprolactam, vinylpyrrolidone) appears to be due to the lowering of the 
reactivity of the ethylene bond by presence in the molecule of the carbamido-group, We were able to effect 
polymerization of vinylcaprolactam in presence of hydrogen peroxide at 140-150°, The elucidation of the 
structure of the links of the result»ng chain will be the subject of a special research, It should be noted that under 
our conditions of polymerization the reaction mixture finally obtained still contained monomer, which could be 
distilled off from the polymer, and red*stillation of this monomer gave rise to formation of considerable amounts 
of polymer. This effect may be ascribed to presence in the monomer of traces of a volatile crystalline product 


formed from hydrogen peroxide and caprolactam In presence of ait, and this product is, as will be shown below, 
an initiator of the polymerization process, 
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Polyvinylcaprolactaim is a faintly yellow powder, readily solub’e in cold water, benzene, and ethsnol, 
bit insoluble in ether and gasoline. When the aqueous solution of the polymer 1s heated the polymer separates 
out, returning into solution when the water cools; this shows that desolvation takes place, 


A study of polymerization of aqueous emulsions, in the presence or absence of certain bas'c neutializing 
substances (ammonia, amines), ls of considerable importance, We were able to isolate a hitherto unknown 
crystalline intermediate product of polymerization of vinylcaprolactam, which gave peroxide reactions, and 
which was formed when vinyleaprolactam was heated with hydrogen peroxide with access of air, Determination 
of the molecular weight of this product suggests that it eonsists of two molecules of vinylcaprolactam and one 
of oxygen CysH,gN,O, (M 310). We were able to show that the product acts as an initial active center for the 
growth of the polymer chain, and {s thus an initiator of the process of polymerization of unsaturated compounds, 
in particular of vinylcaprolactam, 


It may be supposed that the process proceeds in two directions in presence of air. In one, the vinylcapro- 
lactam molecule enters into reaction, after activation by peroxide (or rather by atomic oxygen arising from de- 
composition of peroxide), with other, inactive vinylcaprolcatam molecules, to give polymer. In the othe: direc- 
tion the active molecule reacts with aumospheric oxygen to give the above mentioned peroxide compound, which 
then breaks down and can Initiate the polymerization process,- 


We have only the block polymerization of vinylcaprolactam over a narrow range of temperatures, and in 
presence of air. It would be of great interest to study this process in the absence of atmospheric oxygen, s‘nce 
this should lead to a considerable increase In its velocity, due to the exclusion of the possibility of formation of 


the intermediate peroxide product. Formation of polymer by thermopolymerization is insignificant at these 
temperatures (140-150°). 


EXPERIMENTAL 
‘ 


Preparation of vinylcaprolactam 


A solution of 198 g of €-caprolactam in about 200 g of toluene Is put into a stainless steel rotary 2000 ml 
autoclave containing catalyst, and fitted with a manometer, a thermometer, and a micro-valve for introduction 
of gas. The catalyst is prepared from 28g of €-caprolactam in 150 ml of toluene and 9.7 g of potassium at 60- 
&0°. The total charge of the autoclave, ing., is 


caprolactam. . .. 226, 
Toluene . ef 400 
Pota:sium ée @ 9.7 


The amount of caprolactam takea for preparation of the catalyst amounts to 12-12.5% of the total taken 
for the reaction. The autoclave {s filled with acetylene, and iieated; absorption of acetylene proceeds energeti- 
cally at about 100°, and heating is then stopped (maximum temperature 125°). The autoclave is allowed to 
cool, when a further charge of acetylene is given, and the temperature is again raised to 100-125°. These 
operations are repeated until there is no further absorption of acetylene. 


The reaction mixture, which is a viscous brown mass, is transferred to a flask, the autoclave is washed 
out with 30 g of toluene, and the washings are added to the mixture, which is then fractionally distilled. After 
the toluene has been distilled off in vacuum, 215 g of a product boiling at 129-134°/24-25mm is obtained, 
leaving 65 g of tarry residue. Redistillation gives 190.2 g of vinylcaprolactam, b.p. 131-132°/22 mm. Extrac- 
tion of the tarry product with ether gives a further 9.2 g of vinylcaprolactam, b.p. 129-130°/20.5 mm, g’ving a 
total yield of vinylcaprolactam of 199.4 g, or 71%, calculated on the amount of €-caprolactam taken (226 g). 
Part of the vinyleaprolactam obtained was distilled, using a laboratory column, type LKS, height of working 
section 600 mm, filled with glass rings of diameter 1.5 mm (15-20 theoretical plates). This distillation confirmed 


the purity of our product, which had the following constants: b.p. $5°/4 mm; & 1.0084; nj 1.5051; found MRp 
40.890. 


CyHyNO. Calculated MRp (for Nvinyl). . . . 40.428 
Calculated MRp (for Owinyl). . . . 40.795 


Vinylcaprolactam 13 a colorless crystalline substance, m.p, 34-35°, wth, however, a tendency towards 
remaining in the liquid state even when pure; rapid crysta}lezation may be induced by mechanical factors, and 
is associated with cvolution of heat, The substance ts readily soluble fn cther, cthanol, benzene, toluene, and 
gasoline, 
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Found 4%: C 68.76; 69.10; H 9.17; 9.30 
Calculated C 69.06; H9.42 
Found WN 10.00; 9.82 
CyHyyNO. Calculated 10.07 
Found M 138.50; 139.63 
C,HyNO. Calculated M 132.11 


Hydrolysis of vinylcapro‘actam 


1, Two sealed bulbs each containing 20 ml of 4.5% sulfuric acid and 0.1954 or 0.2054 g of vinylcaprolac- 
tam were heated for 55 hra. at 55-60°, wel) cooled before opening, and the contents were transferred quantitatively Im 


to 25 ml of a cooled solution of sodium bisulfate, Acetaldehyde formed was determined lodomeutically after 30 
min., by Ripper*s method. 


% Hydrolysis of vinylcaprolactam: (a) 81.1 (6) 78.7 


2. Bulbs containing (a) 0.1031 (b) 0.1028 g of the substance, with 20 ml of 4.5% sulfuric acid in each, were 
heated in a thermostat for about 10 hrs at 80°, followed by 35 hrs at 110°; further treatment was as in Experiment 1, 


% Hydrolysis of viuylcaprolactam: (a) 15.3 (b) 14.7. i 


3. (a) 10.01 g of vinylcaprolactam and 450 ml of 4.5% sulfuric acid were heated a: 60° for 23-25 hrs in 
a flask fired with a stirrer, a thermometer, and a condenser, connected with two cylinders containing sodium 
bisulfite solution; the final volume of the solution was 446 ml. 25 ml of bisulfite solution was added to 10 ml 
of the reaction mixture, and % hydrolysis was measured; it amounted to 63.2, 


Alkali was added to the remaining soluticn until it had only a weakly acid reaction, and water was 
evaporated off under reduced pressure. Benzene extraction of the residue gave 0.2 g of a substance melting at 
64-69, shown to be caprolactam (no depression of m.p. of a known sample). ~ 


(b>) 5 g of caprolactam and 50 ml of 4.5% sulfuric acid were heate’ under reflux in a round-bottomed 
flask for 20 hrs at 60°. Alkali was then added to a weakly acid reaction, water was eliminated under reduced 


pressure, and the residue was dried to constant weight (9.9 g). 1.5 g of caprolactam was extracted from the 
residue with benzene. 


Polymerization of vinylcaprolactam 


1. 7.1 g of vinyleaprolactam and 0.07 g of benzoyl peroxide were heated in a bulb for 40 hrs at 55-60°. 
Distillation of the mixture gave 7 g of the initial vinylcaprolactam, with a small amount of tarry mattez. 


2. 15.7 g of vinylcaprolactam and 0.25 g of 25% hydrogen peroxide were heated in a bulb for 10 hrs at 
80°, and then for about 40 hrs at 110°. The reaction mixture, a brown liquid, was dissolved in gasoline, and the 
precipitated resin was repeatedly treated with gasoline, finally togive a small amount of a yellow powder, which 
was soluble in benzene, ethanol, and cold water, from which it is precipitated by heating. The yield of polymer 


was 1.5 g, being 1% of the amount of vinylcaprolactam taken. The pdlymer was reprecipitated from benzene 
solution. 


Cryoscopic determination of molecular weight in benzene solution gave values of 871 and 1024, 


The solution remaining after precipitation of the »olymer was fractionally distilled in vacuum, after 


distilling off the solvent. The products were (a) vinylcaprolactam, b.p. 138-141°/31-33 mm, 9.7 g, (b) impure 
vinylcaprolactam, 1 g, and (c) tarry residue. 


3. 31 g of pure vinylcaprolactam (b.p. 103-104°/5.5-6 mm) in a round-bottomed flask fitted with a stirrer, 
a thermometer, and a reflux condenser, was heated to 140°, and 32% hydrogen peroxide was added drop by drop Magy: 
during 19 hrs, a total of 0.77 g of hydrogen peroxide being added, or 2.4% of the amount of vinylcaprolactam. See 
The reaction mixture was a brown, viscous liquid, from which 12 g of polymer was precipitated as a yellow powder Im 
by addition of ether. The filtrate gave a further 2.5 g of polymer, in the form of a semi-liquid resin, and 14 g of 
monomer, and reprecipitation of the resin gave 1.3 g of solid polymer, the total yicld of which was thus 13.3 g, ae 
or 42. % of the vinylcaprolactam taken. Redistillation of the 14 g of monomer recovered from the reaction mixtuel™ | 


was associated with fumher polymenzation, yielding 6 g of solid polymer, the total yield of which was thus raised 
to 19.3 g, or 62.2%, 
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4, 27g of vinyleapiolactam was heated fo 18-1$ hrs at 140-150" with 0,5 g of catalyst 'n the apparatus 
described above, The catalyst was prepared by heating vinylcapro'actam w'th hyd-ogen pe:ox‘de, and is @ 
crystall'ne substance, The reaction mixtwe was a dark brown Liquid, from wh'ch 14 g of po'ymer was obtaned 
by adding 200 ml of ether, ths be'ng a y’eld of 51.4%. The molecu‘ar we!ght of polymer precip'tated from 
benzene by addition of ligroin was determined cryoscopically in benzene solution, values of 2855 and 2655 
being obtained, 


Poly vinylcaprolactam is a faintly yellow powder, readily soluble in cold water, benzene, and ethanol, 
and insoluble in ligroin and ether, It separates out from its aqueous solutions when they are warmed, 


es pe-ovde 


32% Hydrogen peroxide (0.28 g) is added gradually to 34 g of vinylcaprolactam in a flask fitted with a 
reflux condenser, a stirrer, and a thermometer, at 100°; the temperature is raised during the first 90 min. to 150°, 
and then during the next hour to 170°. The crystalline product is cooled and extracted with ether, to separate it 
from the smal] amount of polymer formed, the ether ‘s d’stived off, as 's unreacted yinylcaprolactam (16 gf 
owing to which the crystalline product dissolved in ethe:. When distilling off the ether we observed formation 
of a white deposit on the walls of the receiver, indicattng that the crystailine product is somewhat volatile. The 
residue after distilling off monomer (12.1 g) {s a viscous ofl, treatment of which with ether gives 8 g of white 
crystalline substance, soluble in berzene and ethanol, sparingly soluble in water, Ugroin, light pettoteum, and 
ether. After recrystallization from hot water or I'ght petroleum {* mets at 144-145°, 


Product of reect’on of w’th hyd 


Determination of molecu'ar weight (cryoscopic method) 


Found M: a) 309; b) 314; mean 311 
Calculated for Cy,H,.N,0,; M 310 


The substance reacts as a peroxide, and acts as an initiator of the process of polyme-:ization of vinyl- 
caprolactam, 


SUMMARY 
- 1, A method for oteaining vinylcaprolactam in about 70% yield was found. 


2. A new catalvst-was used for vinylation of €-caprolactam, viz., “the potassium salt of €-caprolactam® 
(the product of reaction of potassium with €-caprolactam). 


3. Vinylcaprolactam fs readily obtained in crystalline form; this ‘s highly hygroscopic, and it absorbs an 
equimolecular amount of water when exposed to the air, 


4. Hydrolysis of vinylcaprolactam-gives acetaldehyde, €-caprolactam, and salis of €-aminocapronic 
acid, 


5. Polymerization of vinylcaprolactam proceeds satisfactorily in presence of hydrogen peroxide at 
140-150°. 


6. A crystalline intermediate product of polymerization of vinylcaprolactam was isolated. It is formed 
by the action of oxygen on vinylcaprolactam, and it exhibits peroxide properties, and can serve as an initiator 
of the polymerization process. 


1. The process of thermopolymetization of vinylcaprolactam proceeds only to a negligible extent. 
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SYNTHESIS AND TRANSFORMATIONS OF VINYLCAPROLACTAM 


PART 1, POLYMERIZATION IN PRESENCE OF HYDROGEN PEROXIDE 


M. F. Shostakovsky, F. P. Sidelkovskaya, and M. G. Zelenskaya 


N-Vinylcaprolactam {s a compound of considerable interest; it may be prepared from caprolactam and 
acetylene in presence of alkaline catalyst [1} 


CH,-CH,;-C=0 


In the given case, as-in that of vinylation of hydroxy-compounds [2], undiluted acetylene gives good yields. 
Favorsky and Shostakovsky [2) successfully applied undiluted acetylene to synthesis of vinyl ethets of the type 
CH,=CH-OR, as long ago as 1943; in spite of this, foreign workers still use acetylene diluted with inert gases 
for the purpose [3], although Favorsky and Shostakovsky*s method is generally and widely applied in the Soviet 
Union, 


A method for production of vinylcaprolactam has recently been worked out in our laboratory [1], by 
heating caprolactam with acetylene, in toluene solution, with potassium salt of caprolactam as catalyst. The 
preparation of this catalyst presents, however, certain difficulties, associated with the use of metallic potassium, 
which so readily reacts with oxygen, with inflammation, on exposure to the air. Additional researches were 
undertaken in order to find a more readily prepared catalyst than the caprolactam salt, such as, in particular, 
potassium hydroxide. Although it was evident from preliminary experiments {1} that this catalyst did not give 
the desired results, it was nevertheless thought desirable to subject this catalyst to a more detailed examination. 
Potassium hydroxide was added either immediately before vinylation, or it was previously heated with caprolactam 
in an autoclave; in the latter case heating was at atmospheric pressure or at 150 atmospheres. Synthesis of vinyl- 
caprolactam did not take place under any of these conditions, 


Since potassium salt of caprolactam could not be replaced by potassium hydroxide, we next studied the 
effect of substituting metallic sodium for potassium, as being more convenient to hzndle. The sodium salt was 
found to be as effective a catalyst as is the potassium salt of caprolactam, the yields of vinylcaprolactam being 
10-80% in both cases (see Experimental Section, below). 


The reaction of vinylation was conducted using different solvents, viz., toluene, vinyl butyl ether, ligroin, 
and butanol. The reaction proceeds similarly in the first three solvents, the only differences being in the isolation 
and purification of the product. In the last case, it was thought that conjugated vinylation of caprolactam and of 
the solvent might take place, analogous to oxidation of difficultly oxidizable substances in presence of readily 
oxidized ones [4} 


In spite, however, of variation of the reaction conditions (temperature, catalysts), vinylcaprolactam was 
not obtained, and vinyl butyl ether was only obtained in one case (temperature 146°, KOH catalyst) in smail yield, 
It is evident that the simultaneous presence of caprolactam and butanol somehow leads to inhibition of the reaction 
of vinylation of both substances. We now recommend vinylation of caprolactam in ligroin solution, wath its sodium 
salt as catalyst. 


Vinylcaprolactam may be regarded as having the structure: 
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CH,*CH-N-C-, 
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where R is a bivalent radical. In this respect it may be considered as an analog of vinyl esters of type (Q, but 


not of ethers of type (I: 
-,0 
@) 
CH-O-®” q@) 


As couid be expected from a consideration of the structure of vinylcaprolactam ft has a tendency towards 
polymerization, It is relatively stable at ordinary temperatures, but it partly polymerizes when heated (100-150), 
and gives high yields of polymer in presence of hydrogen peroxide (1), The present research is devoted to the 


study of polymerization of yinylcaprolactam at different temperatwes, in presence of the given catalyst; the 
results are shown in Table L 


} It appears from Table 1 that the velocity of polymerization falls onsale with sesihaieitiie and the amount 
of catalyst required rises, The optimum temperatwe fs 140-150", at which 33 y of vinylcaprolactam undergoes 
polymerization during 7-9 hrs, with yields of about 70%. At 100-125° polymerization of about the same amount of 
vinyleaprolactam proceeds only to about 25-60% after 22-23 hrs. It also follows from the data of Table 1 that a 
relatively small change in temperature causes a fairly considerable change in the velocity of polymerization, with 
only slight change in the properties of the p-lymer. The specific viscosity of the polymers obtained over the range 


100-150* is qsp, = 0.11-0.17 (1 g/100 ml of benzene), and the mean molecular weight, determined cryoscopically 
in benzene, is 1000-1500, 


i It is of interest that at 100-125° acetaldehyde and caprolactam were formed together with the polymer. RB 
; is quite probable that the small amount of water introduced with the hydrogen peroxide was sufficient for effecting 
partial hydrolysis of vinylcaprolactams 
TABLE 1 
t Polymerization of vinyleaprolactam in Presence of H,O, (29% solution) 
Expt, Temp.°C Duration Aniount of Amount of Amount of Mol.wt. (1 co 
i No. in hours - fe Hy Oy ‘polymer unreacted (cryosco- in 100 ml +H,0— 
solution, formed, as) monomer, pically, benzene) 
ing fof vinyl- ‘in benzeng, N-CH=Cliy 
| ‘caprolac- j 
tam taken 
3 140-143 2 160251715 0.1740 
4 143-147 9 0.64 68.4 , 25.8 1209; 1070. 0.1673 
143-149 9 1.20 712.4 18.7 1235; 1394; 0.1417 
7 115-125 22 1.90 24.5 18.6¢ Sparingly . 0.1109 
‘ soluble in ; 
i 8 100-105 23.5 ,2.00 50 12.20 - 0.1133 
= 
* Caprolactam and acetaldehyde were formed as well as polymer in these experiments, 
| EXPERIMENTAL 


A. Vinylation of caprolactam in benzene solution ° 
Catalyst: sodium salt of caprolactam, 


a) Preparation of catalyst. 40 g of caprolactam and 1.86 g of sodium finely dispersed by Bruhl*s method 


i [7] in SO ml of ligroin (b.p, 130-150*) are heated with constant stirring to complete dissolution of the sodium, 
which takes about an hour, 


b) Vinylation ts effected as usual In a rotating stainless steel autoclave. 45 g of caprolactam and 150 ml 
of ligroin (b.p, 100-120°) are added to the product obtained above, and the mixture Is placed in a 2500 ml auto- 
clave; the total charge was: caprolactam 77 g, Na salt of caprolactam 10 g, and ligroin 200 ml. The autoclave 5 
is filled with acetylene at a pressure of 15-18 atm., and the temperature {s raised to 115-12S°, The autoclave fs 
j then allowed to cool, a fresh charge of acetylene is added, and the autoclave is again heated, This operation fs 
| 
4 
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repeated until somewhat more than the theorctica) amount of acetylene has been absorbed. The mixture ‘s then 
filtered, and the precipitate (16.3 g) is washed with five portions of ligroin, Tte solvent is distitied off from the 
filtrate + washings, at ordinary pressure, and the residue is fractionated under reduced pressure, to give 75.2 
(79.8% yield) of vinylcaprolactam, b. P. 119-121°/13 mm, nis 1.5139, redistillation of which affords 73.8 g of 
product, b.p. 104-105.5°/7-7.5 mm; ny 1.6138, 


B. Polymerization of vinylcaprolactam 


1. At 140-150°, 0.16 g portions of catalyst (29% aqueous 1,0,) are added at 1}-2 hr intervals, to a total 

of 1.20 g, to 32.6 g of vinylcaprolactam in a flask fitted with a mechanical stirrer, a thermometer, and a refluz 
condenser, immersed in an of] bath at 143-144°, Addition of each of the initial portions of catalysts was followed 
Dy a teraperature rise of 15-20°, but the final portions gave hardly any thermal effect. The total duration of the 
process is 9 hrs, at an average temperature of 140-150°, The final reaction mixture fs a light brown viscous liquid, 
which changes to a vitreous solid on cooling. Repeated extraction of this with dry ether gives 23.8 g of amorphous 
polymer of vinylcaprolactam, representing a yield of 72.4%, calculated on vinylcaprolactam taken for the reace 
tion, or of 90% calculated on the amount actually reacted, Fractionation of the ether extracts gives 6.1 g of un- 
reacted vinylcaprolactam, b.p. 104-107°/7 mm, and 2.3 g of vitreous pol!ymer®. 


TABLE2 The results of fractionation of the individual extracts 
are given in Table 2, from which it appears that the contem 
Data for fractionation of ethereal extracts of monomer {s greatest in the first extract, and is very small 
of the polymerization product in the fourth one; the polymer content falls in the same order, 
TF It is evident that the presence of monomer in the ether raises 
Extract Volume, Amount of Amount of the solubility in it of the polymer 
No. ml monomer, polymer, 
ot "Se , The powdery polymer is dried in a vacuum desiccator 
to constant weight; its specific viscosity and molecular weight 
are: = 0.1417 (1 g/100 ml of benzene); M = 1293; 1394 
3 $0. 1.65 0.57 
4 50 . 0.S1 >= 2. At 115-125°. The reaction fs conducted in the same 
. i apparatus as before, with the difference that the reflux con- 
Toral 200 ' 6.09 2.29 denser is connected to a series of three hespggpotey wash bottles, 


in order to absorb any acetaldehyde formed. 228% Hydrogen 
peroxide {s added to 32.2 g of at 115-125°, 
in small portions, as before. Only 1 slight temperature rise 
ts observed (2-3°) when the catalyst is added, in this case. The reaction product remains liquid for a very long 
time, and only after 22 hrs, and addition of 1.88 g of peroxide does it assu:ne the consistency of a viscous resin. 
The product smells strongly of acetaldehyde, and it gives a positive reaction with fuchsin-disulfite reagent. The 
reaction product is extracted with 5 portions of ether, giving 5.9 g of powdery polymer. The solvent fs distilled 
off from the ethereal extracts, collecting the fraction boiling at 34-36°, and repeatedly extracting it with water. 
Titration of an aliquot part of the aqueous extract with sodium bisulfite gave 0.4 g of acetaldchyde, corresponding 


to 1.4 g, or to 4.9% of the vinylcaprolactam initially taken.** The tarry residue left after distilling off the ether 
was fractionated in vacuum, giving: 


1) vinyleaprolactam (b.p. $8-99°/5 mm; 1.5130) —€ g; (18.6%); 
2) caprolactam (m.p. 60-62°, after from ethanol 67-69°) —3.75 g (14.3%) 


3) resinous polymer —3.5 g, from which 2 g of powdery polymer was obtained by reprecipitation, The total 
yicid of powdery polymer is thus 7.9g, Le. 24.5 %. 


Description of the polymer. The polymer is partly soluble in benzene. 2.91 g of polymer fs treated with 20 ml 
of dry benzene, the residue is filtered off, and 80 ml of dry cther fs added to the filtrate. The powdery precipitate 
is collected, washed with ether, and dried, giving 1.83 g of polymer nsp, = 0.1109) (1 ¢ of polymer in 100 ml] of 


*Further studies showed that the vitreous product {fs a mixture of the pure powdery rolymer with monomer, It is 
not possible, In working with small amounts of vitreous polymer, to cffcct a satisfactory separation into {ts two 
components, since during reprecipitations a considcrable part of the polymer remains in solution, under these 
conditions, 


** Since it fs not possible to recover all of the acctaldchyde forming during the reaction, percentage hydrolysis 
is calculated from the amount of caprolactam found, 


eee The yicld of reaction products is expressed as s percentages of the amount of vinylcaprolactam taken for the 
teaction, 
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benzene); M = 2818; 2364 (cryoscople method, in benzene), 


3. At 100-110°, The apparatus and methods were as in Experiment 2, 29% peroxide is added to ons gel 
vinylcaprolactam at 100-105°, and the temperature is maintained et 100-410° for 23§ hours, during witich ume 2g 
of catalyst ts added, in all, Heating is thea stopped, and a stream of nitrogen fs paswed through the system, Both 
the viscous polymerizacion product end the water {a the wash bottles have a strong smell of acetaldehyde, and 
give a positive reaction with fuchsin reagent. Titration with sodium bisulfite of an aliquot part of the basic product 
gives an ecetaldchyde content of 0.2 g, and of the water in the wash bottles a further 0.623 g, making 0.73 g in — 
This corresponds with hydrolysis of 2.3 g of vinylcsprolactam, 


_ Further confirmation of the presence of acetaldehyde in the wash bottle water was afforded by preparing frs 
m.p. 162.5-163.6°, after recrystallization from ethanol, 


The resinous basic reaction product fs treated as in Experiment 3,giving: 


(1) powdery polymer - 12.1 g (50%) 
(2) unreacted monomer -3 g (12.2%) 
(3) caprolactam - 8.4 g, corresponding to 6.6 g of vinylcaprolectam (27%). 


The polymer {s soluble in benzene, and its viscosity 9,4, = 0.1133 (1g of polymer ia 100 ml of benzene), 
‘SUMMARY 


| 1, The preparation of vinylcaprolactam from acetylene and caprolactam 1s described; the sodium sale of 
caprolactam serves a3 @ quite satisfactory catalyst. 


2. Polymerization of vinyleaprolactas in presence of hydrogen peroxide has been studied over the range 


100-150°. The velocity of polymerization rises, and the amount of catalyst required falls, as the reaction temperae 
ture fs raised. 
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NEW SYNTHESIS OF ALKYL ESTERS OF 8-AMINO-ACIDS 


Vv. M. Rodionov and N. N. Bezinger 


The new synthesis of B-amino-acid esters depending on reaction of aromatic aldehydes with malonic 
mono-ester in the presence of ammonia was undertaken because of the belief expresced in the older Hterature 
that the usual method cannot be applied to the preparation of B-amiino-acids, as thelr tendency towards deamtina- 
tion would lead to the obtaining of very low yiel¢s, It was found later that this view is not always justified, since 
the deamination reaction was found to depend on thé nature of the alkyl (or aryl) residue of the B-amino-acid, 
and on Its structure, In many cases alkyl esters can be obtained In very good yleld by-heating alcoholic solutions 
of B-amino-acids with small amounts of concentrated sulfurle acid, 


The method worked out for the synthesis of esters of B-amino-acids does not differ basically from: that 
proposed by Rodionov and Malevinskaya [1} for the synthesis of B-amino-acids, or from the method for preparation 
of esters of B-aminolsosuccinic acid [2}, Le., the reaction proceeds according to the following general equation: 


COOH NH, 


i 
ArCHO + Cy + NHg——* ArCH-CH,COOC,H, + H,O 
COOCc,H, 
The alky! esters of Bvaryl-B-amino-acids are obtained in yields of 35-45% , and esters of arylacrylic acids are 


formed in yields of 405%. The ethyl esters of B-phenyl-B-alanine, 6-piperonyl-8-alanine, and 8-(3-nitrophenyl)- 
B-alanine were obtained by this method, 


It is of particular interest that when piperonal is condensed with monoethyl malonate under mild condi-- 
tions simultaneous decarboxylation does not take place, the product being moncethyl S-piperonyl-8-amino-iso- 
succinate, This confirms the correctness of the reaction mechanism: 


CH, C,H,CHO + NH, +CHy —> CH, C,H,CH(NH,)-CH 


Experiments were performed on the syrthesis of ureido-derivatives of the esters obtained, in order to assist in theix 
identification, The esters do not react with urea, however, to give the expected esters of B-ureidoacids, dihydro- 
uracils being obtained instead. The reaction proceeds very readily, the dihydrouracils being obtained in good 
yield from the esters and a boiling aqueous solution of urea: 


NH-CO—-NH 
NH). 
+ NH,CONH, —> Ar-CH-CH,;-CO 
CHy-COOC;Hy 


We know that free ureido-acids are converted into dihydrouracils withsome difficulty, requiring boiling with hydro- 
chloric acid, 


The preparation of certain alkyl esters of B-amino-acids by the classical method is also described in this 
Paper. 


EXPERIMENTAL 


Preparation of monoethyl malonate. There are two methods for preparation of monomethy! malonate. One, 
which was 3 suggested by Van t*Hoff [3], and was worked out by Freund [4], consists of cautious hydrolysis of the 
diethyl ester with alcoholic caustic potash; the ethy] potassium salt crystallizes out in well-formed platelets after 
long standing of the solution. The crystals are treated with hydrochloric acid, and the solution is extracted with 
ether, The ether extract is dricd with anhydrous sodium sulfate, the cther is distilled off, and the residue is dried 
at room temperature in a vacuum desiccator over anhydrous Na,SOQ,, giving monoethy! malonate in 80% yield. 
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The second method was worked out by Vulfson [5} Well dried malonic acid is dissolved in acetic anhydride 
(1:2 mol), and 24 hrs later excess of absolute ethanol Is added, and the mixture is boiled for 1 hr. and thes . 
vacuum distilled, giving a 40% yield of monoethy! malonate, Vulfson supposes that the reaction —— 
according to the schemes 


H 


+ (CH,CO),0 —> _ | 


COOH 


The anhydride of malonic and acetic acius is unstable, ont it reacts with ethanol giving ethyl acetate and mono- 
ethyl malonetae 


COOCOCH, 
+ 2HOCH, —> CHACOOG 
COOH 


We at first used Vulfson’s method, but owing to its low yields we later on transferred te Van t’Hoff and 
Freund's method, 


Preparation of monoethyl malonate by hydrolysis of diethyl malonate. A solution of 26.1 g of KOH in 
300 ml of absolute ethanol is added drop by drop, with constant stirring, to a solution of 75 g of freshly distilled 
diethyl malonate in 300 ml of absolute ethanol, in:a liter flask fitted with a stirrer with a mercury seal, and 
stirring is continued for 2 hrs after ail the reagent has been added. A sma‘l amount of potassium malonate 
separates from the solution during the reaction, and is separated by bringing the solution to the boil, and fitering 
the hot solution, Large crystals of ethyl potassium malonate are deposited from the cooled filtrate, and they are 
collected on the filter, washed with dry ether, and dried in a vacuum desiccator; yield 68 g, or 85. 


68 g of ethyl potassium malonate is dissolved in 35 ml of water, and concentrated hydrochloric acid is 
added at 0°, with constant stirring, until the solution becomes acid to Congo red, when it is repeatedly extracted 
with ether, The ethereal extract is dried with anhydrous Na,SO,, the ether fs distilled off, and the residue fs 
fractionally distilled in vacuum, collecting the fraction of b.p. 100-101°/4 mm. The yield of monoethyl malonate 
is 50.7 g, or S6% calculated on the basis of potassium salt, or 81.9% on that of diethyl malonate taken, 


Synthesis of ethyl 8-amino-B-phenylpropionate, 10 ml of a 15% solution of NH; in absolute ethanol fs 
added to 12 g of benzaldehyde. The white precipitate of hydrobenzamide which separates when the first few ml 
of ammenia are added goes back into solution when the rest of the reagent is added. 11 g of monoethyl malonate 
ts then added, this being associated with evolution of considerable heat, and the mixture fs then heated at 100° 
until all the ethanol has distilled off, and until evolution of CO, has ceased (19 hrs). The resulting brown oil fs 
treated with an equzl volume of water, and the aqucous layer is extracted repeatedly with small portions of ether. 
The ethereal extracts are added to the oil residue, and the mixture fs dried with anhydrous Na,;SO,. Long colar- 
less needles separate from the residue during evaporation of the ether, which {s continued until the volume of the ao 
’ solution is 1/3 of the initial value, when the precipitate is collected, washed with ether, and dried; 0.09 g of (oped sp 
product, m.p. 144-145°, is obtained. 


Found %: C 73.52; H 6.01; N 9.50 
C,H,ON. Calculated %: C 73.44; H 6.16; N 9.52 


The analytical results, and the properties of the product, correspond with cinnamamide, which, according to the 
literature, has m.p. 146-147. 


The mother liquor from the cinnamamide is dissolved in twice its volume of ether, and the solution is 
saturated with dry HCl, cooling in a freezing mixture. A yellow oil Which at first separates solidifies later on. 
The hydrochloride of ethyl 8-amino-8-phenylpropionate is collected, and washed with absolute ethanol, to 


remove HCl, The yield is 9.8 g, m.p. 137-147°, The product is soluble in hot cthanol, and insoluble in cold 
ethanol, ether, and water. 


Attempts at purifying the hydrochloride were unsuccessful, the m.p. remaining indefinite after three recry- 
stallizations (139-146°), We were not able to find any reference to the m.p, of this hydrochloride in the literature, 
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, Posner found that B-phenyt8-alanine formed, in addition to the ordinary monohydrochloride, an acid 
hydrochloride with 3 molecules of HCl, which was stable at the ordinary temperature, but evolved HCl whea 


heated, and it may be that we obtained a mixtwe of the normal and the acid hydrochlorides; hence the in- 
definite m.p, of our product, 


9 g of hydrochloride is made up into a peste with a little water, and 9p aqueous NaHCO, fs added ia 
small portions, with energetic stirring, giving a heavy, colorless ofl, The supernatant aqueous layer is extracted 
with two portions of ethe?, and the extract Is added to the ofl, the solution then being dried with anhydrous 

,  NagSOg. The ether ts evaporated off in vacuum, und the residue is fractionally distilled, collecting the fractioa 
boiling at 116-119°/7 mm, which is redistilled, when 7.2 g (45% yield calculated on monoethy! malonate taken) 


of ester is obtained, Ethyl 8-phenyl-8-alanine, b.p, 116-117°/7 mm, {s asyrupy colorless liquid with a fairly 
pleasant odor... 


Found N 7.08; 7.15 
Calculated.ge 7.25 


Synthesis of ethyl 8-amino-8-piperonylpropionate. 15 ml of a 1% solution of ammonia in absolute 
ethanol and 9.3 g of monoethyl malonate are added to 10.4 g of piperonal dissolved in a small volume of 


‘ethanol. Considerab!« heat is evolved, with vigorous production of. CO. The mixture is heated on the water 
bath urtil all the alcohol has distilled off, and until evolution of CO, ceases (15 hrs). The final product is 

a dense brown liquid, which fs treated with twice Its volume of hot water, and the aqueous layer ‘s extracted 
with ether. The extract 1s added to the ofly product, and the solution so obtained is dried with anhydrous Na,SOg 


The dried solution gradually deposits a colorless crystalline product, which is collected, washed with 
ccoled ether, and dried; yield 0.55 g, m.p. 69-70°, readily solubte in ether and acetone, sparingly soluble ia 
ethanol, insoluble in water or aqucous sodium carbonate, The alcoholic solution decolorizes brcmine water of 
KMnO, solution, The product does not contain nitrogen, 


Found %: C 65.61; H 5.30 
CygHy,0,4. Calculated %: C 65.44; H 5.49 


The product is ethyl 8 -piperonylacrylate, whose m.p, is reported in the literature as 67-68° [S} 


Saturation with dry HCl of the mother liquor from this product, with cooling in a freezing mixture, gives 
- a yellowish precipitate of the hydrochloride of the ethyl ester of B-piperonyl-B-alanine, which is collected, washed 
free of HCl with absolute ethanol, and dried; yield 9.3 g, m.p. 182-183". 


8 g of hydrochloride is treated with 3% NaHCO, solution, at 0°, giving 7.5 g of ethyl ester of 8 -piperonyl- 
B-alanine, a yield of 45% calculated from monocthyl malonate taken, or of 69.8% calculated from hydrochloride 
taken The sytupy product crystallizes after a few days, and the ester {s recrystallized from ethanol, m.p, 70-71.5°. 
The ethyl ester of 8-piperonyl-B-alanine is soluble in hot ethanol and ether, but not in water, alkalis, or acids. 


Found % N 5.81; 5.80 
Cy,H,O,N. Calculated N5$.90 


A precipitate of some unknown substance was observed to form during the reaction, and then to disappear 
as the reaction proceeded towards completion. The reaction was repeated with certain modifications, in order 
to discover the nature of this product. Heating of the reaction mixture was not continued until no more CO, was 
evolved, but was stopped when the amount of precipitate appeared to be at a maximum. The precipitate was 


found to be an intermediate product of condensation of aldehyde with monoethyl malonate, viz., monoethyl B- 
amino-8 -pipcronylisasuccinate, 


A mixture of 17.5 g of piperonal, 19 g of monoethyl malonate, and 25 ml of 15% NH; in absolute ethanol 
was heated on a boiling water bath until all the ethanol had evaporated (5 hrs), although CO, was still being 
evolved. The reaction mixture then consisted of a dense brown liquid, with a considerable amount of white cry- 
stalline precipitate, It was treated with ether, which dissolved only the oily part, leaving the crystalline product, 
which fs collected, washed with ether, and dried in a vacuum desiccator; yield 4.39 g, m.p. 115-116 ste telat 
The product decomposes when heated, with evolution of CO, and NHy 


Found %: N 5.14; 5.16 
Cy3HysgOgN. Calculated %: N 4.98 
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As in the preceding experiment, the ethereal extract was concentrated to a third of its volume, in order 
to obtain ethyl piperonylacrylate, which was not, however, formed. An equal volume of dry ether was thea 


added, and the solution was saturated with dry HCl, giving 2.1 g of the hydrochloride of the ethyl ester of B- 
piperoayl-B alanine, 


Synthesis of ethyl 8-amino-B-3-nivophenylpropionate, A mixture of 13,1 g of m-nitrobenzaldehyde, 
10.8 g of monoethyi malonate, and 15 ml of 15% alcoholic ammonia is heated on a boiling water bath until 
evolution of CO; ceases (10 hrs). A yellow precipitate forms at the beginning of the process, but disappears 
after two hours of heating. The brown oil obtained at the end of the reaction is treated with twice its volume 
of hot water, and the aqueous extract is extracted with a few small portions of ether; the ethereal extract is 
then added to the residual ofl, the solution is dried with anhydrous Na,SO,, and saturated with dry HCL The 
yellow oil which separates soon crystallizes; it is collected, washed with dry ether, and dried, giving 10.1 g 
oi the hydrochloride of the ethyl ester of 8~<3-nhropheny])-B-alanine, m.p, 171-172°, insoluble in ether or 
cold ethanol, readily soluble in hot ethanol; yield 51.6%, calculated on monoethyl malonate taken, 


10 g of the hydrochloride {s treated with 3% NaHCO, solution at room temperature, when a yellow of} 
is obtained. This is separated, the aqueous layer {s extracted a few times with ether, and the extracts are added 
to the oil, The resulting solution is died with anhydrous Na,SO,, the ether is evaporated off in vacuum, and the 
residual oil is cooled in ice water, when it crystallizes, giving 8.1 g of ethyl ester of 6 (3-nitrophenyl)-B -alanine, 
m.p, 77-18, yield 93% calculated on hydrochloride taken, or 44.6% calculated on monoethyl malonate taker. 


Found %: C 55.61; 55.39; H 6.00; 5.73; N 11.56; 11.60 
Calculated C55.45; H 5.92; N11.76 


Preparation of 4-phenyldthydrouracil. 3g of urea in 15 ml of water is added to a solution of 1 g of ethyl 
ester of 8-phenyl-8 alanine in 5 ml of ethanol, and the mixture is boiled under reflux until evolution of ammonia 
ceases (15 hrs). Thin silky necdles separate from the cooled solution; they are collected, washed with water, and 
dried, giving 0.32 g of 4-phenyldihydrouracil, m.p, 216218°, soluble in cold water, cold ethanol, or ether, readily 


soluble in hot ethanol. The mixed m.p, with a known specimen of 4-ph: ayldihydrouracil, prepared by a different 
method, was 218220°, 


Preparation of 4-piperonyldihydrouracil, A mixture of 1 g of ethyl ester of B-piperonyl-B-alanine in 5 ml 
of ethanol and 3 g of urea in 15 ml of water is boiled under reflux until evolution of NH, ceases (24 hrs). The 
cooled solution deposits a precipitate of small glistening platelets, which is collected, washed with water, and 
dried, giving 0.47 g of 4-piperonyldihydrouracil, m.p. 236237°. 


The published m.p. of this product is-247°, but repeated recrystallizations of our product failed to raise 
it m.p, 


Found %e C 56.56; H 4.21; N11.78 
Calculated%: C 56.40; H 4.30; N1L.96 


Preparation of the ethyl ester of N-benzoyl-B-pheny)-B -alanine, by the classical method. 15.4 g of benzoyl 
chloride is added drop by drop, with constant stirring, to a solution of 16.4 g of B-phenyl-B-alanine in 170 ml of 


10% caustic potash at~0*; the temperature should at no time exceed 5°, The mixture {fs stirred for an hour after 


addition of the last drop of benzoyl chloride, and is then made acid with 1:1 hydrochloric acid. The product is 
collected on the filter, repeatedly washed with hot water, to remove benzoic acid, and recrystallized from boiling 
ethanol; yield 21.2 g (80% of theory). 


20 g of N-benzoy!-8 -pheny]-B -alanine is heated for 6-7 hrs under reflux on a boiling water bath with 100 ml _ 


of absolute ethanol and 4 ml of concentrated sulfuric acid, and about 50 ml of ethanol are then distilled off. The 
ethyl ester separates in the form of glistening necdles from the cooled solution and it is collected, washed, and 
dried. An equal volume of water is added to the filtrate, which {s then made.neutral with soda, The ethyl ester 
of N-denzoyl-8 -phenyl-B-alanine which separates is collected, washed with water, and dried, and the combined 
precipitates are recrystallized from 50% ethanol; yield 18.9 g (~ 86% of theory), m.p, 112-113°, 


Found %: N 4.80; 4.82 
P5N. Calculated N 472 


The ethyl esters of NDenzoyl-8 42 92%) and of N-benzoyl- 8 -piperonyl-B- 
alanine (yield 82% ) were obtained in the same way. 


640 


* 
28 
} 
: 
i 
| 
j 


SUMMARY 
4 1, A new method fs described for the preparation of ethyl esters of B-ary]-B-aminoacids, depending on 
; condensation of monoethy] malonate with aromatic aldchydes in the presence of alcoholic ammonia, 


2. The method serves for preparation of the ethyl esters of 8-phenyl-B -alanine, 8-(3-nitrophenyl)-B- 
alanine, and B-amino-8-piperony)propionic acid, and 6f monocthyl B-amino-8-piperonylisosuccinate, 


3. The esters were converted into 4-aryldthydrouracils by boiling with urea solution, 


4. Ethyl esters were prepared by the standard inethod from N-benzoyl derivatives of B-aminoacids, 
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COMMUNICATION 127. SYNTHESIS OF POLYCYCLIC COMPOUNDS RELATED TO THE STEROIDS .XV. STRUCTURE 
OF THE PRODUCTS OF CONDENSATION OF 2-METHOXYBUTA-1,3-DIENE WITH 1-METHYLCYCLOHEX-1-EN-6- 
ONE AND METHYL METHACRYLATE ape 


I. N. Nazarov and S. I. Zavyalov 


A general method has recently been worked out in our laboratory-for the synthesis-of polycyclic steroid 
ketones, with a hydrogenated cyclopentanophenanthrene structure, such as chrysene, cyclopentanofluorene, 
benzofluorene, and their heterocyclic thia analogs [1} This synthetic method depended on condensation of 
bicyclic dienes witha ,B-unsaturated cyclic ketones, The basic intermediate product in this synthesis is 6-meth- - 
oxy-9-methy] A®-octal-1-one (IM), obtained by the condensation of 2-methoxybuta-1,3-diene (I) with l-methyl- . 
cyclohex-l-en-6-one (I): 


: 
ay (mp 


The structure of the methoxyoctalone derivative (IIT) was derived from a study of condensations of 2- 
methexybuta-1,3-diene with aliphatic a,8-unsaturated aldehydes, ketones, and acids, which in all cases yield 
P-ubstituted cyclic products [2} 

co £0, 
CH,;O— 

In vice however, of the exceptional importance of _ methoxyoctalone (Iif), it was thought desirable 

to establish its structure directly, for which purpose we wecetig* ms following series of transformations: 


CH 
1% HCl 
ch, 
HO He (x HC 
(Ix) (via) 


Magnesium methyl lodide and the methoxyoctalone (III) gave a product which after treatment with dilute 
hydrochloric acid afforded 1,9-dimethyldecal-1-0l-G-one (V), readily dehydrated by potassium bisulfate to yield 
1 ‘9-dimethyl-2?-octal-6-one (V1), and this, by the action of magnesium methyl lodide, affords 1,6 .94rimethyl-a*- 
octal-6-0l (VIN, which when dehydrated and dchydrogenated at a palladium-<charcoal catalyst at 330-340° gives 
1,6-dimethyInaphthalene (VII). This was also prepared through the carlicr described 1,6-dikcto-9-methyldecalia 
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(IX), produced by the hydrolysis of the methoxyoctalone (II) with dilute hydrochloric acid, 1,6-Diketo-O- 
methyldecalin (IX) by a Grignard reaction with magnesiuwn methyl fodide gives high yields of 1,6-dihydroxy- 
1,6, 9-trlmethyldecalin (X), dehydration of which with potassium Disulfate affords a mixture of the hydrocarbos 


- (XII) and the oxide (XD), giving 1,6-dimethylnaphthalene (VIII) when dehydrogenated at a palladized charcoal 


catalyst. 
In order to identify 1,6-dimethylnaphthalene ft was synthesized from B -lonone by the ieee reactions 


The product so obtained was in every way identical with that given by the methoxyoctalone (1); a mixture of 
their picrates showed no depression of mp, 


As we expected; methyl methacrylate condenses with 2-methoxybuta-1,3-diene, giving the para-isomes 
(XID, the structure of which was established by converting it into the keto-acid (XV) and its methyl ester (XIV), 


and comparing these preducts with those obtaf{ned from 1,3,5-ricarbomethoxy-3-methyl-n-pentane by known 
reactions [4} 


Ci 
CH CH, Cl 
HG CH 
(Xvi) (XVID 


The keto-acid (XV) and its ester (XIV) had identical properties; and the mixed m.p. of their semicarba- 
zones and 2,4-dinitrophenylhydrazones showed no depression. 


The methoxy-ester (XIII) may be of interest as a starting point for the synthesis of ketones of the hydrin- 
dane and decalin series with angular methyl groups. Bromination of the methoxy-ester (XII) gives the dibromide 
(X1X), hydrolysis of which yields the bromo-keto-ester (XX), and hydrogen bromide is eliminated from this with 
production of the unsaturated keto-ester (XXI), addition to which of malonic ester affords the triester (XXII): 


OOR CH, 
R COOR 


CH 
“Scoor 
(XX) (XX1) 
EXPERIMENTAL 


6-Mcthoxy--methyl -A®-octal-1-one (IID, b.p. 88-89°/0.1 mm; 1.5089), was prepared by condensation 
of 2-methoxybuta-1,3-diene (1) with 1-methylcyclohex-1-en-6-one (IM), as described before [1], 1,6-Diketo-9- 
methyléecalin (IX), m.p, 63-65°, was prepared by hydrolysis of the methoxyoctalone (IIT) {1}, 


Action of magnesiun methyl fodide on 6-methoxy-9-methyl A®-octal-1-one 
A solution of 10 g of 6-methoxy-9-methyl-A® octal-1-one (11) in 50 ml of absolute ether is added drop by 


drop, with constant stirring, and cooling in ice, to a Grignard reagent prepared from 1.8 g of magnesium and 13 g 
of methyl fodide in 50 ml of absolute ether, and the mixture ts stirred at room tempcrature for a further 3 hrs, 


- after which 50 ml of S%hydrochloric acid is added, ‘The ether layer fs separated, the aqueous layer is extracted 
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with ether, the solvent is distilled off from the combined ethereal solutions, and the residue fs shaken for 3 bra, ae 
with 20 mi of f% hydrochloric acid, The product is extracted with ether, the extract fs dried with anhydrous fetta: 
sodiwn sulfate, ether {s distilled off, ard the residve ts vacuum distilled, giving 4.8 g of 6-keto-1 -hydioxy-1,9- wig 
dimethyldecalin (V), b.p, 118-120°/0,05 mm; nip 1.5140, 


Dy. Calculated C 73.5; 116.3 


Some of the product widergoes dehydration during the distillation, to afford the unsaturated ketone ¢VI). * 


_ Dehydration of 6-keto-1 -hydroxy-1, 9-dimethyldecalin (V) 


3.5 g of the above product (V) is heated for about 1 hr. at 160-165°/100 mm with 1.8 g of powdered 
potassium bisulfate, until water ‘ceases to distil over, when the pressure fs reduced to 4 mm, at which the 


dehydration product fs distilled'over, giving 2.1 g of (VIN), ib.p. 104-108°/4 mm, 
np 1.5099, 


Found %: C 81.14; 81.34; H 9.84; 9.97 
Calculated %: C 90.99; H 10.11 


The semicarbazone, m.p, 172-174°, was recrystallized from methanol, 


Fouad N 17.69; 17.77 
Calculated N 17.8 


Action of magnesium methyl lodide on 6-keto-1,9-dimethy] A"-octalin (VD 


A solution of 3 g of 6-keto-1, 9-dimethy] A! -octalin (¥I) in 10 ml of absolute ether was added drop dy 
drop, with constant stirring, and cooling in ice, to a Grignard solution prepared from 0.6 g of magnesium and 
5 g of methyl iodide in 40 ml of absolute ether. The mb«ture is left for 2 hrs at room remperature, and 20 ml 
of Ye hydrochloric acid is added, cooling in ice. The product is extracted with ether, and the extract Is dried 
with anhydrous magnesium sulfate, the ether fs distilled off, and the residue is fractionally distilled in vacuum, 
giving 2.6 g of 6-hydroxy-1,6,9-trimethy] A"-octalin (VID), b.p. 100-105°/3 mm; nff 1.5104. 


Found %e: C 80.18; 80.15; H 11.12; 11.25 
Calculated fe C 80,41; H 11.34 


Dehydration of (VI) 


A mixture of 2.9 g of 6-hydroxy-1,6, Strimethyl At -octalin (VII) and 1.5 g of powdered potassium bisulfate 
was heated for 1 hr at 165-175°, and the resulting hydrocarbon was then distilled over in vacuum, After redistilia- 
tion at the ordinary pressure, frora metallic sodium, 1.4 g of 1,6,94rimethyl-A’*® hexalin (XU), b.p. 229-231°; 
nt 1.5635, 

Found %: C 87.53; 87.41; H 11.47; 11.61 

Calculated %: C 28.57; H 1143 


Dehydrogenation of 1,6,9-trimethyl-A™*hexalin (Xm) 


1 g of the hydrocarbon (XII) was vaporized, and the vapor was passed during 2 hrs through a glass tube 
filled with palladized charcoal (tube length 40 cm, diameter 0.5 cm; 5% Pd in catalyst,) at 330-340°, regulating 
the rate of flow of the vapor according to the rate of evolution of hydrogen. Fractional distillation of the distillate 
gave a hydrocarbon of b.p, 130-133°/13 mm; njj_ 1.6078, the picrate of which melted at 108-110° (recrystallized 
from methanol), and did not depress the m.p. of the picrate of a known specimen of 1,6-dimcthylnaphthalene (3} 


Action of magnesium methyl fodide on 1,6 -diketo-S-methyldecalin (LX) 


A solution of 3 g of 1,6-dikecto-O-methyldecalin (IX) in 30 ml of absolute ether 1s added drop by drop, 
with constant stiming, and cooiing In ice, to Grignard reagent preparcd from 1.2 g of inagnesiwn and 7.5 g of 
methyl] lodide in 20 ml of Absolute ether, after which the mixture 1s boiled for 3 hrs under reflux, and 20 ml of 
1% hydrochloric acid is added to the solution of O°, The solution fs extracted with ether, the cthercal extract 
is dricd with magnesium sulfate, the solvent ts distilled off, and the rcsidue {s vacuwn distilled, giving 3.2 g of 
1,6-dihydroxy -1,6, 94rimethyldecalin (X), b.p. 113-116°/0.05 mm; 1.5115. 


‘Found %: C 73.34; 73.32; H 11.01; 10.97 
Calculated %: C 713.59 11.32 
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Dehydration of 1,64 thydrony-1,6,94rimethyldeca (X) and dchydrogenation of mixtures of hydrocarboa x 
(x) and oxide (x) 


A mixture of 4g of 1,6-dihydroxy-1,6, 94rimethyldecalin (X) and 2 g of potassium bisulfate powder was 
heated at 150-155°/100 mm, until evolution of water ceased (1 hr), The residue was extracted with ether, and 
the extract was dried, and distilled from sodium, giving 2.8 g of colorless liquid, b.p, 110-1127/19 mm; nj 
1.4977, 


Found C 83.75; 83.59; H 13.41; 11.43 


Calculated %: C 88.57; H11.43 
Calculated C 80,35; H11.41 
The product appears to be a mixture of 1,6,9-trimethyl-A™®-hexalin (XI) with the corresponding oxide _ 
(x). 
, Dehydrogenation of 3 g of me palsnuee under the conditions described above gave 0.7 g of 1,6-dimethyl- 
{ naphthalene, b.p. 126-128°/10 mm; ny 1.6078, picrate, m.p, 108-110° (from methanol),not depressing the m.p, 
of the picrate of a known specimen of 1,6-dimethylnaphthalene, prepared by a published method from B-lonone, 
: and having m.p. 128-130° at 12 mm; nff 1.6083, m.p. of picrate 107-109 [3}. 
Condensation of 2-methoxybuta-1,3-diene with methyl methacrylate 
: A mixture of 4 g of 2-nethoxybuta-1,3-diene (b.p. 74-75°; ny 1.4438} 4.8 g of methyl sucteiauatunis 
(d.p. 99-100°; nif 1.4150), and 0.1 g of pyrogallol in 9g of dry benzene was heated at 219-220° in a metal 
tube for 3 hrs, the solvent was distilled off, and the residue was vacuum distilled, giving 5.2 g of 1-carbomethoxy- 
4-methoxy (XID, b.p. 107-108°/12 mm;nf§ 1.4722 
Found %: C 65.04; 65.32; H 8.98; 8.76 
Calculated 65.22; H 8.69 


Preparation oi 1-carbomethoxy4-keto-1-methy'cyclohexane (XIV) 


5 g of 1-carbomethoxy~4-methoxy-l-methylcyclohex-3-ene (XID was shaken with 25 ml of 1% hydro- 
chloric acid for 4 hrs at room temperature, the product was extracted with ether, the extract was dried with 


sodium sulfate, and distilled in vacuum, giving 3 g of 1-carbomethoxy-1-methylcyclohexan~-one (XIV), b.p. 
99-101°/7 mm; 1 1.4610 


Found %: C 63.63; 63.92; H 8.69; 8.35 
CsHyOy Calculated J: C 63.53; H 8.23 


The semicarbazone melts at 166-168°, after recrystallization from methanol, and gives no depression with 
the semicarbazone of a known specimen of the ester {4} simjlar results are obtained with the 2,4-dinitrophenyl- 
hycrazone, m.p, 125-127° (from benzene), which gives no depression with a known specimen [4} 


Preparation of 1-methylcyclohexan~t-one-1 carboxylic acid (XV) 


A mixture of 2 g of 1-carbomethoxy-1-methylcyclohexan~t-one (XIV) 6 ml of glacial acetic acid, L5 ml 
of concentrated hydrochloric acid, and 0.9 ml of water was boiled for 6 hrs, volatile products were distilled off, 


and the residue was distilled in vacuum giving 1-methylcyclohexan~4-one-1-carboxylic acid (XV), b.p. 145-148°/ 
2 mm; 77-78 (from benzene), 


Found %: C 61.32; 61.19; H 7.78; 7.73 
05. Calculated C 61.54; H 7.69 


The m.p, of a known specimen of the acid was not depressed by admixture with our product [4}. 


1,2-Dic arbomethoxy-1-methylcyclohexan~t-one (XV) 


j 
| This ester, b.p. 130-132°/3 mm, ny 1.4859), was prepared by the standard method of cyclization of 
1,3,5-tric arbomethoxy-3-methyl-n-pentane (XVI) [4}. 


Hydrolysis of 1,3 dic arbomethoxy-1-methylcyclohexane 4-one 


5 g of the ester (XVII) was shaken with 40 ml of % caustic soda until it dissolved (2-3 min), and the 
solution was made acid after 8 hrs at room tcinperature, with dilute (1:1) hydrochloric acid, when 3.7 g of 
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1-methylcyctohexan-4-one-1:3-dicarboxylic acid (XVIII), m.p. 104-166° (decomp.) separates out, 


Found: Equiv, titration 99.3, 
Calculated: Equiv. titration 100,0, 


Decarboxylation of 1-methylcyclohexan4-one-1,3-dicarboxylle acid (XVIM) 
3.7 g of the acid (XVM) was heated for 1 hour at 120°, until evolution of carbon dioxide ceased, and the resi- 


due was recyrstallized from petroleum ether, giving 2.3 g of 1-methylcyclohe::en4-one-1-carboxylic acid (XV), Mp 


16-78", not depressing the m.p. of a specimen of this acid prepared by diene condensation with the ester (XII). 


Esterification of acid (XV) 


Sgof the acid (XV) is added gradually, with stirring, to 250 ml of an ethereal solution of diazomethane, 
prepared from 25 g of nitrosomethylurea, the ether fs distilled off, and the residue ts distitied in vacuum, giving 
4.2 g of (XIV), b.p, 115-117°/14 mm., 1,4612 [4} 


The semicarbazone, m.p. 168-169", and the 2:4-dinitrophenylhydrazone, m.p, 127-128°, did not depress the 
m.p. of the corresponding derivatives of the keto-ester (XIV) prepared ly diene condensation of the ester (XII). 
Preparation of (XXI) 


A solution of 8.4 g of dry bromine in 20 g of carbon tetrachloride was added drop by drop, with constant 
stirring and cooling in ice, to 10 g of 1-carbomethoxy~4-methoxy-1-methylcyclchex-3-ene (XII) In 30 g of care 


‘bon tetrachloride. The solution was then shaken for 15 min, with 62 ml of water, and the lower layer was sep- 


arated, dried with sodium sulfate, and evaporated down in vacuum. The bromo-ester (XX) so obtained was 
heated for 1 hour at 150-155° with 9.5 g of dry diethylaniline, and the crystalline product obtained on cooling 
was treated with diluie (1:1) hydrochloric acid. The product was extracted with benzene, the extract was dried 
with sodium sulfate, and distilled in vacuum, giving 4 g of 1-carbomethoxy-1-methylcyclohex-2-en-~4-one (XXT), 


b.p. 107-110°/7mm, ng, 1.4775 {4} The semicarbazone melted at 157-158°, after recrystallization from methanoL 


Found %: N 18.8; 18.6 
Calculated %: N 18.7 


Condensation of (XX}) with malonic. ester 


4 g of 1-carbomethoxy-1-methylcyclohex-2-en~4-one (XXI) {s added during 10 min., with stirring, to a solu- 
tion of sodic-malonic ester prepared from 15 g of malonic éster and 0.54 of scdium, and the mixture is heated at 
10-76 for Thours. The cooled solution is made acid at 0° with dilute (1:1) hydrochloric acid, the product is ex- 
tracted with benzene, the extract is dricd with sodium sulfate, and distilled in vacuum, giving 2.2 g cf the tricaiboxylic 
ester (XXII), b.p. 155-157/1.5 mm, 1.4888. 


Found %: C 58.77; 58.91; H 6.62; 6.75 
Calculated C 58.60; H 7.30 


SUMMARY 


Condensation of 24ncthoxybuta-];3-diene with 1-methylcyclohex-1-en-6-one and methyl methacrylate gives 
the p-substiruted products (1ff) and (XII), the stricture of which was established by converting them into the known 
compounds (VIII) and (XV), which were also synthesized by standard methods, for their identification, 
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NEW DATA ON T::: CHEMISTRY OF AMIDES OF SULFURIC ACID 
AND TRICHLOROPHOSPHAZOSULFONARYLS® 


A. V. Kirsa nov 


I. Mechanism of Amidation of Carboxylic Acids with Amides of Sulfuric Acid. 


It is known that carboxylic acids react with sulfamides to give amides in almost quantitative yield {1}, 
by the reactions: 


RCOOH + NH,SO;NH, RCONH, + NH,SO,OH, 
With asymmeutical dimethylsulfamides only dimethylamides are obtained, by the reaction [2} 
RCOOH (CH;),NSO,NH, RCON(CH,), + NH,SO,0H. 
Symmevtical diphenylsulfamides give anilides of the appropriate acids, by the reactions 
RCOOH Cg, NHSO,NHC,Hg —> RCONHC,H, + C,H, NHSO,OH. 


These reactions may be explained by a mechanism analogous to that of esterification 11}, Le.s 


H Hb HO HO 


If this mechanism is in fact applicable, it must follow that any sulfamide should be capable of amidating carbox- 
ylix acids, including tri- and tetra-substituted sulfamides; the presence of a “*free* hydrogen atom in the sulfamide 
molecule is not essential, 


An experimental study of the reaction of amidation of carboxylic acids (acetic and benzoic) with tetra- 


substituted sulfamides (tetramethyl- and symmewical diphenyldimethyl- and diphenyldiethyl-sulfamide) showed 
thai the reaction: 


(CH,),NSO,N(CHy); + RCON(CH,), + (CH;)NSO,OH, 
does not take place, the sulfamides being recovered unreacted in amounts of 99.1 — 99.4%, and the benzoic acid 
in amounts of 97.8 — 98.5%, in a pure state. It follows that the proposed mechanism cannot be the correct one, 


It is evident that the presence within the sulfamide molecule of *free® hydrogen atoms {s essential for 
the amidation reaction, and that such *free® atoms (or atom) must enter into the reaction mechanism. In order 
to ascertain whether there must be one or two “frce* hydrogen atoms in the sulfamide molecule a study was made 
of the reaction between tri-substituted sulfamides and carboxylic acids (trimethylsulfamide and asymmetrical 
phenyldimethylsulfamide with benzoic and p-nitrobenzoic acid). The reaction proceeded smoothly; only the 
dimethylamide of the carboxylic acid was obtained with trimethylsulfamide, as followss 


With phenyldimethylsulfamide the products are dimethylamide and anilide, by the reaction: 


RCOOH + RCON(CH,), and RCCNHC gH, 


, Read ata general meeting of the Divisicn of Chemical Sciences of the Academy of Sciences, U.S.S.R on 
March 27, 1952, 
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RCOOH ¢ (CH,),NSO,NHCH, —*RCON(CH,); + CH,NSO,OH. 
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It follows that it is sufficient for the reaction of amidation that the sulfamide should contala at least ons “free* 
hydrogen atom, te., all except tetra-substinuted sulfamides can be used for amidatioa, 


The definite conclusion may be drawa that intermediate products of the reaction must be either acy}- 
sulfamides or acylsulfamic acids: 


RCONHSO,NHg3 RCONHSO,O#, 


At first sight, however, it then appears inexplicable how dialkylamides can be formed, It seems that hydrolysis 
of acylsulfamides can give only amidcs or monoalkylamides, These contradictions appeared for a long time to 
be irreconcilable, but the explanation was eventually found, Apparently the water formed in the productica of 
acylsulfamide hydrolyzes the “free® amino-group of acylsulfamide, giving the ammonium salt of acylsulfamic 
acid, as follows: 


| RCOOH + RCONHSO,N(CH,), + RCONHSO,O" ¢ (CH;)sNHY. 
| 
i 
i 
| 


The action of pyridine an the salt gives free ammonia or amine, which causes aminolysis of the C-N bond, with 
formation of amide, monosubstituted amide, or disubstituted amide, by the reaction: 


RCO N(CH; HCON(CH,)s 
+ 
HOSO,NH H HOSO, 
Analogous cases of aminolysis are known, such as the reaction of trans-amination of carboxylic acids (3} 
RCO RCONHCgH, 
| | — 
NH, 4H 
and the aminolysis of chlorides of arylacylsulfainic acids [4} 
CH 
+H 
$O,cl + 


It is thus quite likely that acylsulfamic acids are in fact intermediate products of the reaction of amidation, 
which would thus proceed as follows: 


+ 


RCOOH + NH,SO,NH, —> RCONHSO,ONHg 
RCONH, 
HOSO,NH HOSO,NH, 


Acylsulfamic acids may be formed in two ways; either isosulfanic acid is formed as an intermediate product, 
f.e., the reaction proceeds as follows: 


(CHyNSO,NHC gli —> = SO, 


or, as is more probable, the reaction mechanism is analogous to that of esterliication, but differs in certain re- 
spects from that previously proposed: 


HO 
+ NH,CO,NH, —> —NH*SO, NH, -> —>H,0 + = 
HO HO HO HO 


= NHSO,NH, —H* ¢ RCONHSO,ONHy 


i.e., the product of addition of sulfamide to the active complex of the acid eliminates water, and not sulfamic 
acid, in the same way as in the reaction of esterification, This reaction scheme fs thus far closer to that of 
esterification than was the original, incorrect scheme, 


It is quite possible that pyridine takes part in the amidation reaction, which either does not proceed at 
all in its absence, or docs so only at highcr temperatures, giving low yields. Numcrous attempts have been made 
to isolate intermediate products containing pyridine, without any success; these products are evidently highly 
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carboxylic acids, 


unstable, and enter into further reaction as soon as they are formed. It is probable that the product of addition . 
of pyridine to sulfamide {s formed first, possibly being of the type of a betatnopyridonium salt of sulfamic acid, 
and the sulfamide so activated then reacts with the carboxylic acid according to the above scheme; formation 
of imidosulfamide in the reaction of pyridine with sulfamide has been thus explained (5}, and aminolysis may 
take Pave in the same way, Ler 


RCNHSO,OH NHSO,O° —>RC- ‘H,SO,0° RCONH, + NH,SO,OH., 


It is thus very probable that the reaction of ainidation of carboxylic acids by sulfamides proceeds ace _ 
cording to the following mechanisme 


OH 
RCOOH, + NH,SO,NH, —-H* + NHSO,O —*RCONH, + NH,SO,OH. 
HO H *NH, 
This reaction mechanism explains all the observed facts except one, If it is the correct mechanism, we 
should expect to obtain only dimethylamides from phenyldimethylsulfamide and carboxylic acids, by the scheme: 
RCOOH + (CH ) NSO,NHC gH, —> RCON(C,H,)SO,OH + NH(CHy)g —* RCON(CH,); + NHSO,CH, 


whereas in fact we obtain a mixture of dimethylamides and anilides, This may mean that the proposed mechanism 
fs not the actual one, os that some other, additional factors enter into the picturé, Examination of the above scheme 
shows that it differs basically from the general one for unsubstituted sulfamides, In the reaction between carboxylic 
acids and unsubstituted or asymmetrically disubstimuted sulfamides stable, difficulty.Lydrolyzable sulfamic acid is 
obtained as a by-product, whereas with phenyldimethylsulfamide the by-product is unstable, very readily hydrolyzable 
phenylsulfamic acid, This acid gives stable salts, but it fs so unstable in the free state thar it has never yet been 
{solated. Two authors who claim to have done so g!ve melting points of 77° [6) and over 280° [7} The acid tends 

to undergo hydrolysis at the nitrogen-sulfur bond, so that there is strong reason to believe that carboxylic acids 

should cause acidolysis of phenylsulfamic acid, as follows : 


C,H,;NHSO,OH + RCOOH —> RCONHC,H, + HOSO,OH, 
f.e., with formation of anilides, This supposition was confirmed by experiment, 
Ammonium phenylsulfamate was prepared from sulfamic acid and aniline by the reaction: 
C,H,NH, + NH,SO,OH —> C,H, NHSO,ONHg 


and was heated, without prior purification, with p-nitrobenzoic acid in pyridine solution, giving the corresponding 
anilide in~30% yield; this confirms the accuracy of our theoretical supposition, and also gives us a new method 
for the direct conversion of carboxylic acids into thelr anilides, It is possible that this method may be adopted in 
practice, since arylsulfamic acids are readily available as their ammonium salts, 


Formation of anilides from phenylsulfamic acid and carboxylic acids was also confirmed by another ex- 
periment, in which 2 g-mols, of p-nitrobenzoic acid in pyridine was heated with 1 g-moL of phenylsulfamide, 
giving p-nitrobenzanilide in 73.0% yield, by the reaction: 


2RCOOH + C,H,NHSO,NHC —>2RCONHCgHg + HySOy, 
or in 147.2% yield by the reaction: 
RCOOH + C,}1,NHSO,NHC,H, —> RCONHC gH, + CgH,NHSO,OH. 


This can only be explained on the assumption that the carboxylic acid acidolyzes phenylsulfamic acid, giving 
phenylsulfamide, Unsubstituted sulfamic acid and alkylsulfamic acids do not under such conditions react with 


The reaction mechanism presented by us for the reaction of amidatton is thus in conformity with all the 
observed facts. However, a theory should not only explain all the known facts; it should also predict as yet un- 
known ones. Lat us sce what our theory predicts, and how the predictions are confirmed by experiment, 
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The second stage of the reaction consists of aminolysis of acylsulfamic acids 
RCONM 
HOSO,NH 


The first conclusion to be derived is hence that if the reaction of santtetion is performed with an unsubsti- 
tuted sulfamide, but in the presence of an “outside® amine, a substituted amide should be obtained, e.g.: 


RCOOH ¢ NH,SO,NH, RCONHSO,ONMg 
RCONHSO,ONH, C,H, NH, RCONHC + NH,SO,ONHy 


This was confirmed for the case sulfamide —p-nitrobenzole acid —aniline, The yields, calculated on reacted p- 
nitrobenzoic acid, were: anilide~58%, unsubstituted amide~36% of theory. 


A second deduction is that the ammonia (or amides) should react with acylsulfamie acids to give amides 
(or substituted amides) of carboxylic acids and sulfamic acids: 


RCONHSO,OH C,H, NH, RCONHCgH, + NH,SO,OH. 


Pyridonium benzoylsulfamate was prepared by heating:a mixture of benzamide and betainopyridonium sulfamate, 
and the reaction product (without separating benzoylsulfamate) was heated with aniline, giving ~~ 10% yield of 
benzanilide, calculated on reacted benzamide, Our second deduction fs thus confirmed, 


Acylsulfamic acids have up to now been little studied, but there is reason to believe that they may be- 
come cheap and readily available substances, in which case this reaction may become of commercial interest. 


A third deduction is that polypcptides should be obtained by the action of sulfamides or amino-acids, 
Thus p-aminobenzoylsulfamic acid should be obiained as an intermediate product in the reaction between sulf- 
amide and p-aminobenzoic acid: 


NH,C,H,COOH + NH,SO,NH, NH,CgH,CONHSO,OH ¢ 
This product may then undergo aminolysis at the carbon-nitrogen bond when weated with ammonia, to give p- 


aminobenzamide, or, by reaction with the amino-group of p-aminobenzolec acid, it nay give the dipeptide of 
aminobenzole acid, as follows: 


NH,C,H,CONHSO,OH + NH,—~> NH,C,gHCONH, + NH,SO,OH; 
NH,C,H,CONHSO,OH + + NH,SO,OH. 


Of these two, the second reaction should be the faster one, since the amino-group is, at least initially, present 
in greater concentration than the ammonta, especially if free ammonia enters into the reaction, having been 
displaced from the salt by pyridine. But if dipeptide is formed there is no reason to suppose that the same pro- 
cess will not go further, to give tripeptide, tetrapeptide, and 30 on, 


+ nNH,SO,NHg —> NH,CgHCO(NHC HCO), NHC (0 + 1)NH,SO,ONH, + 


Only experiment can show which will be the final product formed by this process. The degree of condensation will 


obviously depend on the solubility of the polypeptides in the reaction medium and on the experimental conditions 
in general 


All these theoretical conclusions emerging from our proposed reaction mechanism were cmfirmed experi- 
mentally. The action of sulfamide on p-aminobenzoic acid in pyridine solution, at temperatures not greater than 
100°, Le., under the ordinary amidation conditions, gives a mixture of polypeptides of p-aminobenzolc acid, in 
good yield. The matin product is a colorless, infusible mass of polypeptides, insoluble in the usual organic sol- 
vents. As was to be expected, no p-amino-benzamide was obtained. Amidation and phenylamidation of p-dimethyl- 


aminobenzoic acid, however, gave good yiclds of p-dimethylaminobenzamide- or -benzagilide, as would follow fom 
our theory. 


It would have been of very great interest to prepare polypeptides in the same way from aliphatic amino- 
acids, but this could not be realized, because of the insolubility in pyridine of the simpler amino-acids, such as 
alanine or glycine, which cannot thus be made to react with sulfamides, 


The reaction mechanism proposed by us for amidation of carboxylic acids with sulfamides not only gives 
a satisfactory explanation of all the known reactions, but has Iced to the finding of further applications of this re- 
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action, such as the finding of a new variant, that of preparation of anilides by reaction with phenylsulfamie acid, 
Our mechanism also allowed us to predict the effect of adding another amine to the reaction systems, to predict 
that acylsulfamic acids should give amides with amines, and that amino-acids soluble in pyridine should give 
polr peptides instead of amides in the conditions of the reaction, 


Il. .New Method of Preparation of Trichlorophosphazosulfonaryls 
Trichlorophosphazosulfonaryls are, as {s known, prepared by the action of phosphorus pentachloride on sulfona- 

mides [9}. This method {s very convenient for the trichioro-derivatives, and it might conceivably be extended to 

tribromophosphazosulfonaryls, but it certainly could not be applied to preparation of triiodophosphazosulfonaryls or 

of arsazosul fonaryls, 


The Umitations of this method led us to seek for a new. method of a more general nature, applicable to 
preparation of analogs of tichlorophosphazosulfonary!. : in which both the halogen and the phosphorus are replaced 
by other elements, Such a method was recently found; it depends on the action ned alkali metal salts of sulfochloram- 
ides > on phosphorus trichloride, by the reaction 

ArSO,NNaCl + PCls—> NaCl ArSO,N = 


which proceeds smoothly, giving practically quantitative yields. Substitution of phosphorus tribromide for trichloride 
gives the corresponding tribromo-~derivative, and of arsenious for phosphorus aoe the corresponding arsenic 
compound, 


Ill, Hydrolysis and Aminolysis of Trichlorophosphazosulfonaryle 
Hydrolysis of trichlorophosphazosulfonaryls !. should proceed as follows: 


—> ArSO,NH, + H,PO, 


Hydrolysis was studied in solutions in acetone, ethers, and esters, and in all cases very difficultly separable mix- 
tures were obtained, from which only very small yields of crystalline hydrolysis products were isolated, Satisfac- 
tory results were obtained by hydrolysis with steam in benzene solution, whereby were obtained the dichlorides of 
phenyl-, c+olyl-, p-tolyl-, and 1-naphthyl-sulfonamidophosphoric acid in good yield, 


Since all attempts at obtaining products in which the second and third halogen atoms have undergone 
hydrolysis were unsuccessful, we decided to apply acidolysis instead of hydrolysis, in the expectation that this 
would give the same products as would have hydrolysis, with the difference that the by-product would be the acid 
chloride instead of hydrogen chloride, as follows: 


_ ArSO,N = PCl, + CHJCOOH —> ArSO,NHPOC}, + CH,COCL 
Apart from this the final product of acidolysis shouid be acylsulfamide instead of sulfamide, such as: 
C,H,SO,NHPC(OH), + CH,COOH — C,H,SO;NHCOCHs + 


Experiments performed with acetfc and benzoic acids shawed, however, that it fs not possible to use any acid in 
order to achieve all the intermediate degrees of acidolysis. The acid chlorides formed as byproducts react with 
trichlorophosphazosulfonaryls when heated, giving cyanides and arylsulfochlorides (10), as follows: 


ArSO,H==PCl, + RCOC] RCN + ArSO,Cl + POCI, 
which greatly complicates the isolation in a pure state of acidolys{s products. 


It was therefore necessary to find an acid which would not give rise to wits by-products; formic acid 
should theoretically be suitable, as its chloride decomposes as soon as It is formed, giving hydrogen chloride and 
carbon monoxide. This was confirmed experimentally, all stages of hydrolysis being obtained in good yield, vi ., 
arylsulfonamidophosphoric acid, and its mono- and di-chlorides, In general, formic acid may be recommended as 
an excclient reagent for conversion of acid chlorides into the free acids, 


_ Experiments on actdolysis were performed on five trichlorophosphazosulfonaryls (phenyl, o- and p-tolyl, 


E. A. Abrazhanova's experiments, 
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and 1- and 2-naphthyl), using three acids (formic, acetic and benzoic). With acetic and benzole acid only products 
of the first degree of hydrolysis were obtained In good yield, All the intermediate products of hydrolysis of tt- 
chlorophosphazosulfonaryls are crystalline substances, fairly readily hydrolyzable, and readily entering into 
reaction with alcohols, phenols, and aromatic and aliphatic amines, Some of them have: an extremely bitter 
taste, They aze all only very slightly toxic. 


Acidolysis of arylsulfonamidophosphoric acids gives sulfamides, together with acylsulfamides; this is due 

to therinal decomposition of the acids, as follows: 
AtSO,NHPO(OH)y + HPOp, 

Ammonia reacts with trichlorophosphazosulfonaryls to give trlamides of arylsulfonimidophosphoric acids 

(trlaminophosphazosulfonaryls), as follows 
ArSO,N = + GNHg—> ArSO,N = P(NHg)s  SNHSL 
These are crystalline substances, fairly soluble in water, 

The triamides of arylsulfonamidophosphoric acids appear to be the first compounds described in which 8 - 
phosphorus atom {s joined to four atoms of nitrogen. Aqueous solutions of triamides have a neutral reaction, and 
cannot be ttrated with phenolphthalein indicator, but the trlamides gives mono-silver salts. They are fairly quickly 
hydrolyzed in aqueous solution, giving ammonium salts of diamidoarylsul fonimidophosphoric acids, as follows: 

AtSO,N = P(NH,)s + ArSO,N” == P(NH;)s (ONH,). 


These ammonium salts are converted by the action of silver nitrate solution into the corresponding silver 
salts, which are colorless, finely crystalline substances, sparingly soluble in water. The free acids could not be 
obtained, as when the solutions of their salts were made acid hydrolysis of another amino-group took place, giv- 
ing monoamidoarylsulfonamidophosphoric acid, as follows: 


ArSQ,N = P(NH;) (ONH) + ArSO.N = P(NH,) (OH). 


When aqueous solutions of triamides {not acidified) are boiled, sulfamides and ammonium diamidophosphate are 
formed, by the reactions: 


Free diamidoarylsulfonamidophosphoric acids thus readily undergo hydrolysis at the phosphofus — amino-group bond, 
whereas salts of dlaminophosphoric acids are hydrolysed at the phosphorus — arylsulfonamido-group bond, 


Only the monoamides of arylsulfoamidophosphoric acids were obtained by the action of ammonia qn 
dichlorides of arylsulfonamidophosphoric acids; for this reason the diamides of arylsulfonamidophosphoric acids 
have not yet been prepared; the monoamides always being obtained. The monoamides of arylsulfonamidophos- 
phoric acids are most conveniently prepared by the action of aqueous ammonia on trichlorophosphazosulfonaryls 
or on the dichlorides of arylsulfonamidophosphoric acidsthey are crystalline, acidic substances, titratable as di- 
basic acids, and readily hydrolyzed in boiling aqueous solution. 


Aromatic amines react with trichlorophosphazosulfonaryls as follows: 
AtSO,N = PCI(NHC lig), = P(NHC 


This reaction was studied in the cases of four different trichlorophosphazosulfonaryls (phenyl, o-tolyl, p-tolyl, and 
1-naphthyl) and two amines (aniline and p-toluidine). The products of the first stage of the process, viz., the 
monochlorides of dianilidoarylsylfonimidophosphoric acids, are crystalline substances, readily hydrolyzable to the 
corresponding acids. The free dianilidoarylsulfonamidophosphoric acids behave as ménobasic acids, and do not 


undergo hydrolysis In aqueous sctutions even when these are heated. They are, however, readily hydrolyzed by 
boiling with strong mineral acids, 


= 


The final products of the reaction, viz., the tulanilides of aryl<ulfonimidophosphoric acids, are neutral 
crystalline substances, insoluble in alkaline solutions, and not hydrolyzed when boiled with water. It is of in- 


terest that one of these trianilides has long been known, although {ts structure was not known; this is the trianilide 
of the structure: 


CHC NHCOC,SO,N = P(NHC 
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obtained by Redlonov and Yavorsky [8] in 1948 by the action of ptoluidine on the chloride of p-trichJarophos- 
phazosulfobenzoic acid, 


Iv. Reaction of Trichlorophosphazosulfonaryls with Alcohols and Phenols® " 


As was to be expected, trichlorophosphazosulfonaryls react with alcohols simfarly to phosphorus oxychlare 
ide, f.e., according to the experimental conditions they form either esters of arylsulfonazidephosphoric acid @ 
alkyl halides and free arylsulfonamidophasphort: acids, or both processes may take place simultancously, The 
reaction products should thus be: triesters of arylsulfoatmidophosphoric acids, diesters of arylsulfonamidophos= 
phoric acids, moncesters of arylsulfonamidophosphoric acids, and free arylsulfonamidophosphoric acids: — 


ArSO,N-== PClg + 3ROH —> ArSO,N = P(OR) SHCI, 


ArSO3N = P(OHXOR), + RC] + 2HC1, 
or 

ArSO,N = P(OH); (OR) + HCI, 
or 

ArSO,N == P(OH)s ¢ SRCL 


The ttlesters ase formed together with diesters from trichlorophosphazosulfonaryls and sodium alkoxide 
or phenoxide {n alcoholic solution o¢ in neutral solvents, 


The dfesters are obtained in almost quantitative yield. by the action of sodium alkoxides on dichlorides 
of ary%sulfonamidophosphoric acids, as follows: 


AtSO,NHPOC1, + 3RONa—» ArSO,N = POR); (ONa) ¢ 2NaCl + ROH. 


The tri-methyl, -ethyl, -butyl, -phenyl, and -nircophenyl esters of 1- and 2-naphthylsulfonimidophosphoric: 
acid are crystalline substances of low melting point. The methyl and ethyl esters are slowly hydrolyzed by bofl- 
ing aqueous alkalis, giving the diesters. The nitrophenyl esters are very reallly hydrolyzed. The ti-methyl, 
-ethyl, and -butyl esters of phenyl- and o-tolyl-sulfonimidopliosphoric acids are odorless low m.p. solids or liquids, 


The di-methyl, -ethyl, -butyl, -phenyl, and -nitrophenyl esters of arylsulforiamidophosphorie acids are crys- 
talline, very bitter substances, which can be titrated as monobasic acids with phenolphthalein indicator; they give 


crystalline salts, The sodium salt of dibutyl estcrs is soluble in benzene, and can be crystallized from petroleum 
ether. 


SUMMARY 


I. A scheme explaining the reactions of amidation of carboxylic acids by amides of sulfuric acid. is 
presented, and is experimentally established. 


2. It fs shown that phenylsulfamic acid in pyridine solution reacts with carboxylic acids to give thes 
anilides. 


3. The product of reaction of amines with acylsulfamic acids is shown to be an acylamine, 


4. The products of reaction of p-arainobenzolc acid with sulfamides are shown to be polypeptides of 
p-aminobenzole acid, 


5. A new method has been found for preparation of tihalogenophosphazosulfonaryls, from alkali metal 
salts of chloramides of arylsulfonic acids and the appropriate phosphorus trihalides, 


6. The hydrolysis 3d acidolysis of trichlorophosphazosulfonaryls have beca studicd. All the theoretically 
possible intermediate and final products of hydrolysis and acidolysis of trichlorophosphazosulfonaryls were ob- 


tained, viz., the mono- and di-chlorides of arylsulfonamidophosphoric acids, free arylsulfonamidophosphorie 
acids, and acylsulfamides. 


%. The aminolysis and arylaminolysis of trichlorophosphazosulfonaryls have been studied, The products 
are: trlamides of arylsulfonimidophosphorie acids, salts of diamtdes of arylsulfontmidophosphoric acids, mono- 
amides of arylsulfonamidophosphor{e acids, chlorides of dianilidoarylsulfonimidophosphoric acids, dianilides of 


4 1. Shevchenko's experiments, 
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arylsulfoaamidophosphoric acids, and trlanilides of arylsulfonimidophosphoric acids, 


8. The reaction between trichlorophosphazosulfonaryls and alcohols or shensle has been studied. The pro- 
ducts are triesters of arylsulfonimidophosphoric acids and diesters of arylsulfonamidophosphoric acids, 
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NEW METHOD FOR SYNTHESIS OF PHOSPHINIC AND THIOPHOSPHINIC ACID ESTERS® 


PART IL ADDITION OF DIALKYLPHOSPHOROUS ACIDS TO THE AMIDE AND ESTERS OF METHACRYLIC ACID 
A. N. Pudovik and D. Kh. Yarmukhametova 


It has been shown by one of us that a very simple method for the synthesis of phosphonecarboxylic acids is 
to add dialkylphosphorous acids to estéers of unsaturated carboxylic acids. Addition of dimethyl-, diethyl-, dibutyl, 
and diisobutyl-phosphorous acids to methyl acrylate [1}, methyl methacrylate [2}, ethyl] crotonate, and ethyl cin- 
namate gave the esters of dialkylphosphone-propionic, -lsobutyric, and -phenylpropionic acids, in quantitative 
yiclds. !n this paper we shall describe the results of anempted addition of dialkylphosphorous acids to amides of 
unsaturated acids, of higher dialkylphosphorous acids to esters of aB-unsaturated acids, and of dialkylphosphar- 
ous acids to esters of unsaturated carboxylic acids with various alcohcls. The expcriments were done with the amide 
and esters of methacrylic acid, 


Addition of dialkylphosphorous acids to the amide was effected in the presence of alkali metal alkoxides, 
The reaction proceeded quite energeticatly, with evolution of considerable heat, giving the amides of diethyl-, 
dipropyl-, and di-n-butyl-phosphoneisobutyric acid; the constants of the products, and their yields, are given in 
Table 1. 


It appears from Table 1 that the yields are low, not exceeding 31% (ethyl ester). We were not able ro pre- 
TABLE 1 


pare the product of addition of di- 
methylIphosphorous acid to methacryl- 
amide, as it decomposed when dis- 

+ tilled. Addition of dihexyl-, di- 
heptyl-, and dioctyl-phosphorous 


| acid to methyl methacrylate was 
1 (C,H,O),P—CH,—CH-CONH, 146-147/13 1.4361 | 1.0624 : 31 next studied; the reaction proceeds 
CH, : fairly readily, with evolution of 
Se a rN heat, but the yields were much 
2 (n- C,H,O),P—CH,-CH-CONH, , 164-165/12 1.4421 0.9941 15 lower than with lower mol. wt, 


dialkylphosphorous acids. The 
3 | 


constants of the products obtained 
are given in Table 2, 


Finally, addition of diethylphosphorous acid to alkyl methacrylates (the alkyl being ethyl to octyl) was 
studied; the reaction proceeds energetically in most cases, The constants and yields of the products are given 
in Table 3, from which it appears that the yields are lower than with methyl methacrylate (74.5%). 


: 
135°/2 11.4438 | 1.0437 | 17 


EXPERIMENTAL 
Addition of Diethylphosphorous Acid to Methacrylamide 


A concentrated solution of sodium ethoxide in absolute ethanol was added gradually to 8 g of diethylphos- 
phorous acid and $ g of methacrylamide in an Arbuzov flask. The reaction proceeds energetically, with considerable 


- This and succeeding papers are parts of a series having the gencral title *Addition of dialkylphosphorous acids to 
unsaturated compounds,® published in the Journal of General Chemistry during the past two years. The change ia the 
gcneral title fs due to the circumstance that the new synthesis of esters of phosphorous acid discovered by us was 
originally based on addition of dialkylphosphorous acids to unsaturated clectronophilic reagents, but has now bees 
extended to certain saturated compounds, and to esters of other types of acids derived from phosphorus, 
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TABLE 2 . evolution o: heat after the 
' —— addition of each drop, ine 
tially, Further addition of 
ethoxide is discontinued when 
CH, j i heat Is no longer evolved 
then heated at 100° for 23 
2 183-185/1 |1.4480 0.9653] 14 hours, after which it is 
3.6 g o e*hylphos- 
3 | 193-194/1 |1.4489 | 0.9461] 16 
1, compound 1), The 


residue in the distilling flask was a tarry mas, 


Found % P 13.8; 13.8 ma 
CyHyO,NP. Calculated P 13.9 


Addition of dipro- TABLE 3 
Pylphosphorous acid 
to methacrylamide Formula fame 

1.8 g of dipropyl- 0 CH, ' 
phosphorous acid and 4g 2) ! 

of methacsylamiée with 1 (C,H,O),P—CH, ‘119-119, 1.4339 1.0786 3 
sodium propoxide- gave 
2g of B-dipropylphos- 2  (CqH,O)} PCH, -CH-COOC;H, (n) 125-126/4 1.4342 1.0698 69 
phone lsobutyramide CH, i 
3 H,0 Hi, 113-114/4 1.4330 ‘10797 59 
Partial decomposition of 4 . 
the reaction product took p 
place during distillation. 4 (n) |140-142/4 1.4362 1.0508 44 

Found %: P 12.9 

Cu}, NP. 5 -CH-COOC 4H, (iso) 135-136/4 1.4362 1.0510 51 

Calculated P 12.4 CH, 

4 

Addition of dibutyl- 1.4392 1.0467 


phosphorous acid to 
methacrylamide 


9 g of dibutylphos- 


oO 
pliorous acid and 4 g of metha- 4 


gave 2.4g of B-dibutylphos- 


° | 
1 158-160/2,5 1.4410 1.0107 19 


@ 


phoneisobutyramide (Table 1, 9 1.4421 6.9932 9 
compound 3), | . 
Found %: P 11.0; 10 i 
10.80. | 
—CH=CHy {117-11972, 1.4396 | 0799 41 


Addition of dihexylphosphorous acid to methyl methacrylate 


A solution (not saturated) of sodium hexoxide in hexanol was added gradually to 12.5 g of dihexylphosphorous 
acid and 5 g of methyl methacrylate, in an Arbuzov flask. Addition of sodium hexoxide was initially followed by 
evolution of heat, which no longer occurred after about 15 drops had been added, The mixture was then heated at 


100° for 2 hours, and fractionally distilled, giving 3.3 g of methyl B dthexylphosphonelsobutyrate (Table 2, com> 
pound 1). 
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Found %: P 8.9; 9.3 
OgP. Calculated P 8.9 
Addition of diheptylphosphorous acid to methyl methacrylate 


15 g of dihcptylphosphorous acid and $,4-g of methyl methacrylate with sodium heptoxide gave 2.5 g of 
methy] 


Found % P 7,7; 7.6 
Calculated %: P 8.2 


Addition of dioctylphesphorous acid to methyl methacrylate 


10 g of dioctylphosphorous acid and 3.3 g of methyl methacrylate with sodiunt octoxide gave 2.5 g of 
methyl B “dloctylphosphonetsobutyrate (Table 2, compound 3). 


Found 9: 7.6;. 7.6 
Calculated Je P 1.6 


Addition of diethylphosphorous acid to esters of methacrylic acid 
The esters used were prepared by twans-esterification of methyl methacrylate, 


Ethyl methacrylate. Sodium ethoxide was added very gradually to 8 g of ethyl methacrylate and 9.7.g | : ca i 
of dicthy]phosphorous acid, about 10 drops being added in all. Distillation of the reaction mixture gave 9.4 g : ; 
of ethyl (Table 3, compound 1). 


"Found Je P 12.4; 12.2 
Calculated P 12.3 


' Propyl methacrylate. 7 g of propyl methacrylate and 7.7 g of diethylphosphorous acid similarly gave 


20.2 g of propyl B -diethylphosphoneisobutyrate (Table 3, compound 2). 
Found %: P 11.5; 11.6 
Calculated Je P 11.6 


Isopropyl methacrylate, 7 g of isopropyl methacrylate and 7.6 g of dicthylphosphcrous acid gave 8.5 g He 3 
of isopropyl 6 diethylphosphonetsobutyrate (Table 3, compound 3), ds 


Found %: P 11,3; 117 
Calculated Je P 11.6 


Butyl methacrylate. 8 g of butyl methacrylate and 8 g of diethylphosphorous acid gave 6.9 g of butyl 
-diethylphosphoneisobutyrate (Table 3, compound 4), 


Found P10.9; 10.9 


lsobutyl methacrylate. 6.2 g of diethyJphosphorous acid and 6.2 g of isobutyl methacrylate gave 5.8 g 
of isobutyl] 8 dicthy!lphosphone‘sobutyrate (Table 3, compound 5). 


Found P 11.5; 11.6 


Hexyl methacrylate. 8 g of d:ethylphosphorous acid and 9g of hexyl methacrylate gave 2.3 g of hexyl 7 S 
-dicthylphosphoncisobutyrate (Table 3, compound 6), 
Found %: P 10,3 
Heptyl methacrylate. 6 g of diethylphosphorous acid and 8 g of heptyl methacrylate gave 3.6 g of heptyl 
(Table 3, compound 7). 
Found Jx P 9.7; 9.6 
05P. Calculated oz P 9.9 
Octyl methacrylate, 17g of diethy)phosphorous acid ano 10 g of octyl methacrylate gave 4.5 g of octyl = 
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Bxlicthylphosphonelsobutyrate (Table 3, compound 8) 


Found P 8.8 | 
Calculated fx P92 


Nonyl methacrylate, 6.2 g of dicthylphosphorous acid and 10g of nonyl methacrylate gave 2.4 g of 
nonyl 8 -dicthylphosphoneisobutyrate (Table 3, compound 9. 


Found fc P 8.9; 8.5 
Calculated P88 


Allyl methacrylate, 5.2 g of diethylphosphorous acid and § g of allyl methacrylate gave 6.2 g of 
allyl Bic thylphosphonelsobutyrate (Table 3, compound 10), 


Found P 11.5; 1L4 

Calculated Je P1179 

SUMMARY 
1. Dialkylphosphorous acids add on to methacrylamide, to give dialkylphosphonelsobutyramides, 
2. The products of addition of higher dialkylphosphorous acids to methyl methacrylate, and of diethyl- 

phosphorous acid to alkyl methacrylates are described, 
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RESEARCHES IN THE FIELD OF PHOSPHORUS-ORGANIC COMPOUNDS 


REACTION OF SULFIDES OF PHOSPHORUS WITH ALCONGES 


M. I. Kabachnik and T. A. Mastryukovea 


The majority of methods for synthesis of phosphorus organic compounds, and in panicular of esters and 
other derivatives of ahio-acids of phosphorus, are based on the use of chluro-<derivatives of phosphorus as starting 
products. This entafls certain inconveniences, since halogen derivatives of phosphorus are sensitive to moistuze, 
as a result of reaction with which from one to three (five) moles of hydrogen chloride or other halide are pro- 
duced, and have to be removed from the sphere of reaction. Sulfides of phosphorus do not present these disad- 
vantages, and are increasingly occupying the attention of-chemists, as starting products for the synthesis of esters 
of thioacids of phosphorus. Up till now, however, the only sulfide used for this purpose has been PySyp (PgSg). 


The reaction of phosphorus decasulfide with ethanol has been studied by Pishchimuka [1], who showed 
that the basic product is diethyl dithiophosphate: 


+ —~ 2(C,H,0),PSSH + HS. 


Nothing is known of the behavior of the lower sulfides of phosphorus in this respect. We have studied the reace 
tions with alcohols of the sulfides P,Ss, PySg, and P,S, (and also the product of fusing together a 1:1 molecular 
mixture of phosphorus and sulfur), and we found that these sulfides can serve for the preparation not only of 
products cf the type (RO},PSSH, as was shown by Pishchimuka for the sulfide P,Syy but also for various other 
classes of phosphorus thio-acid derivatives, including those of tervalent phosphorus. 


The heptasulfide P,S, reacts with lower alcohols in the cold, and with higher ones when heated. The 
products are a mixture of liquid substances, and hydrogen sulfide is eyolved, with an admixnge of phosphine. 
Fractionation of the products obtained with ethanol, propancl, and n-butanol gives three distinct fractions, of 
which the highest b.p. one is the ester of dithiophosphoric acid of the composition (RO),(RS)PS. The middle 
fraction appears to belong to the known series of partial esters of dithiophosphoric acid of the structure (RO), PSSH, 
and the lowest b.p. fraction consists of partial ester of thiophosphorous acid (RO),PSHL ~ 


The sulfide P,S, reacts somewhat differently with methanol, giving only two products, uimethy] dithio- 
phosphate (CH;0),(CH;S) PS and dimethyl thiophosphite (CH,O),PSH. 


The formation of the three produets (RO),;PSH, (RO),PSSH, and (RO),(RS)PS, together with hydrogen sulfide 
and small amounts of phosphine and phosphorus, from the reaction between P,S; and alcohols testifies to the com- 
plex nature of this reaction, and possibly to the existence of several parallel reactions proceeding simultaneously. 
We would here refer to the complex nature of the reaction of hydrolysis of the sulfide F,S, (2). 


TABLE 1 The triesters of monothio- = 
phosphorous acid have previously “ 
been described by Arbuzov and 

Nikanorov while the diesters 

(CHO), PSH , 52-63.5/16.5| 1.1892 1.4768 29.93] 29.78 | 5.8 (RO},PSH have not previously been 

(C,H,O),PSH '67.5-68.5/12 | 1.0828 1.4597 | 38.91] 39.02 | 14.5 prepared; their properties are 2 

(N- C510), PSH 6263/3 1.0290 | 1.4581 48.27) 48.26 | 19.0 given in Table 1, below. 

C5110), PSH] 49-50/3 1.0135 | 1.4541) 48.64] 48.26 | 21.8 

PSH | 89-00/4 0.9974 1.4583! 52.48] 57.50 | 20.8 

© The calculated MR Is derived from the fonnula ve a » taking the constants found by one of us [4} as for % ; 

thiokctones, the atomic refractivity of sulfur was Nu taken as being 9.70, yo 

Molar-percentage of phosphorus contained In and converted into (RO), PSH. 

° 
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are colorless, mobile liquids with a characteristic odor, They are soluble in organic solvents and in aqueous alcohol, = 
giving solutions ncutral to litmus. They are insoluble in water, and are hydrolyzed by acids and alkalis, and readily cs 
oxidized by nitric acid. The tervalent phosphorus content was determined by alkaline hydrolysis followed by heating 
with hydrochloric acid, in order to el!minate hydrogen sulfide, and then by treatment with mercuric chloride, Diale 
ky! thiophosphites react with sodium, with evolution of hydrogen. 


The structure of the second product of reaction of phosphorus heptasulfide with alcohols appears from the 
analytical data, the results of titration, and cryoscopic determination of molecular welght, to correspond with the 


formula S . Substances of this structure have been known for over 90 years, but all the workers who ob- 
tained (ROP them described them an undistillable syrups, only the salts being taken for analysis, It was 
natural  $H_ to suppose that our esters, which could readily be distilled in vacuum, were fsomeric with 


the known dialkyl thiophosphates; we found, however, that our esters (RO),;PSSH had ‘dentical chemi{cal properties 
with the known ‘esters of dithiophosphoric acid, The lead salt prepared from our diethy! dithiophosphate was found 


to be identical with the known lead salt [(C,H,O),PSS}Pb, prepared according to Mastin and co-workers [6}, by 
the reactions: 


+ KSH (C,H,O),PSSK HCL 
2(CyH,O),PSSK + Pb(CH;COO), [(C,H,O),PSS },Pb 2CH COOK, 


Both salts melted at 74.5 --75.5°, mixed m.p. 75-76". It is concluded that our dialkyl dith‘ophosphates have the 
formula (RO),PSSH; they were first prepared by us in a pure form. The constants of our esters are given in Table 2, 


TABLE 2 ; The dialkyl dithlophosphates are 
colorless, mobile, highly refractive Mquids, 
Formula D with asmell of hydrogen sulfide. They are 


| soluble in organic solvents and in aqueous 
97-99/12, 1.1650 1.5105 | 47.68; 47.58) 15.4 alkaiis, They can be titraied as strong 
| 85-86/3 11.1040, 1.4987 56.82! 6.5 acids in aqueous and a!coholic solution. 

(iso-CyH,0),PSSH 71.8/4 1.0923 1.4920 | 56.89] 56.82! 25.4 


© ARs= = 9.70; ARs. = 9.34 (C,H;O), PS(SC,H,) has been synthesized 
by Pishchimuka [—1) in two ways: 
a) (C;H,S)PSCl, + 2C,H,OH + 2HCL 
b) + 2CgHgl + Poly. 
The highest b.p. fraction obtained by us from the reaction between P,S and ethanol has the same physical 


constants as does Pishchimuka's triethyl dithfophosphate, which we also prepared by reaction (b) above. Table 3, 
below, gives the physical constants of the ester (C,H,O),PS(SC,H,), prepared in different ways, 


TABLE 3 


In order finally to show the 
identity of the esters obtained by 
Method of preparation , Author : re Prag | d both methods we prepared the double 
a0 11108 salt with mercuric todide, of the 

+ C,H,OH This paper ; 115-115.5/10. | 1.5013 composition 
P.Siy + through the 2Hgly. These salts all melted at 85- 

Pb salt + | i 116-217/12 1.1156 | 1.5034 86°, alone or in m'xtures, 

Ditto \Pishchimuka! 128/20 | d§ 1.13401 


tions of the trialkyl dithiophosphates 
prepared by us by the reaction between P,S, and alcohols, 


"Two series of products were obtained fiom the reaction between phosphorus hexasulfide P,S,* and methanol, 
ethanol, or propanol, viz., the dialkylthiophosphites (RO),PSH and the trialky!l dithiophosphates (RO),PS(SR); the acid 
esters (RO),PSSH were not obtained at all, Phosphorus hexasulfide P,S, also gives two products with jsopropanol, 
these being (iso-CyH,O),PSH and trilsopropyl dithlophosphate {s not formed in this case, Phosphorus 


* It cannot yet be taken as absolutely certain that the sulfide PS, exists, Giran (8) believes that an individual 
substance of this comyosition exists, but Mai [9} found that prolonged crystallization of a melt of the composition 


P.S: gave the sulfide PyS;. Pernert and Brown [10] believe, on the basis of published work, that the sulfide PS¢ is 
not an individual substance, 
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pentasulfide PS, gave two products with ethanol, viz (C,H,O)PSH and (C3H,0),PS{SC,H,), and the same products 
were given by a phosphorous-sulfur melt of the congestion PSy — the ylelds were much lower than with 


OF 
TABLE 4 


B.p. C/p 


{n mm 
(CH;O),PS(SCH,) 42.3 
115-115. 1.1168 '1,5013.| 460.4 | 457.8 11.0 
(C,H,O),PS(SC3H,) | 115-116/3 1.0561 1.4955 | 5€5.6 | 576 6.2 
91-92/3 1.0351 1.4843 | - 3.1 
(7 <CgH,O),PS(SC,H,) 148-149/4 1.0159 | 1.4859 | 9.8 


In calculation of MR we took for sulfur = 9.70 and AR.g. = 8.84, 


EXPERIMENTAL 
Reaction of Alcohols with Sulfides of Phosphorus 


The reactions were conducted in flasks fitted with reflux condensers and calcium chloride tubes. The lower 
alcohols began to react without heating, but the reaction was in all cases completed on a boiling water bath. The 
mixture was then filtered, excess of alcohol was distilled off from the filtrate. and the residue was fractionally dis- 
tilled 34 times in a stream of carbondioxide. The sulfides of phosphorus were prepared in the usual way, by mels- 
ing together appropriate amounts of sulfur and red phosphorus, in an iron crucible [8}. 


Reaction of P,S, with methanol, 52.2 g of sulfide P,S, and 57.6 g of absolute methanol were allowed to re- 
act, and the product was 3 times fractionally distilled, at 16.5 mm., giving the fractions 


Fr. 1. B.p. 53-63.5°/16.5 mm; 4.3 g; 1.1892; njy 1.4768 


Found % C 19,17; 19.24; H ie 5.39; P 24.52; 24.42; MR 29.93 
C,H,O,PS. Calculated Ye C 19.05; Bi 5.55; P 24.60; MR29.78 


Fr. IL B.p. 53.5-101°/16.5 mm; 3. 1 g; a mixture, 
Fr. 1M. B. p. 101-101.5°/16.5 mm; 43.0 g; 1.2415; nf} 1.5292; 37.88 


Found %e C 21.07; 20.78; H 5.13; Gy P 17,90; 18.22; MR 42.74; P 343.7 
C3H,0,PS,. Czlculated $e C 20.93; H 5.22; P 18.04. MR 42.74; P 342.0 


Reaction of P,S¢ with methanol, 47.4 g of the sulfide P,S, and 66.4 g of methanol gave the following frac- 
tions after two distiVations at 8 mms 


Fr. 1. B.p. 44~45°/8 mm; 5.1 g: np 1.4765; (CH,O}PSH 
Fr. IL B.p. 45-86°/8 mm; 2.1 g; a mixture 
Fr. 10. B.p. 86-87°/8 mm; 19.7; 1.5272; (CH,0),PS(SCH) 


Reaction of P,Sy with ethanol. 68 g of sulfide PySy and 80 g of cthanol give, after four redistitlations, the 
following fractions: 


Fr. 1. B.p. 67.5-68.5°/12 mm; 15.25 g; my 1.4597; dj® 1.0828 (compare experiment with P,SQ); 
(C,H,O) PSH 

Fr. il. B.p. 68.5-97°/12 mm; 2.0 g; a mixture 

Fr. Ill. B.p. 97-98°/12 mm; 19.1 g; 1.5105; dj® 1.1650; 31.70 dynes/em 


Found %: C 25.83; 25.97; H 6.10; 6.12; P 16.53; 16.69; MR 47.68; P 378.8; MB (Mol, Wt. . ee e 

cryoscopically, in benzene) 182.1. By 

Calculated C 25.84; H 5.91; P 16.67; MR 47.58; P 379.8; MB 186, 2 
Fr. IV. B.p, 98-115°/12-10 mm; 5.73 g; a mixture Ba 
Fr. V. B.p. 115-115.5°/10 mm; 15.8 g; 1.5013; dg? 1.1168 (compare with experiment with PS) 
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Lead dicthyl dithiophosphate was obtaincd from 1.86 g of diethyl dithlophosphate and 1.64 g of lead acetate 
in neutral aqueous soluiion. Recrystallization from ethanol gave 2.0 g of white, finely crystalline salt, m.p, 75-76". 


Found 4% C 16.68; 16.59; H 3.75; 3.50 
Cally gS Calculated % C 16.63 H 3.46 


The same salt was prepared by the method of Mastin et al [6 6.6 g of diethyl thiophosphoryl chloride 
(CzH,O}PSC1, prepared according to Fletcher et al. (7) (b.p. 90.5-91.5°/19 mm.; nip 1.4705; d§® 1.1899) was 
added drop by drop to an alkaline solution of potassium hydrosulfide (from 3.5 g of KOH), the mixture was heated 
on a water bath for 2 hours, the solution was filtered, and the filuate was evaporated down. The residue was treated 
with lead acetate, and the lead salt so obtained was recrystallized, giving 1.8 g of colorless, finely crystalline salt, 
m.p. 74.5-75.5°; published values for m.p. 74° {6}, 74° [7], mixtures gave no depression of m.p. P 


Ethylation of lead diethyl dithiophosphate (by Pishchimuka's method). 10 g of the lead salt of the diethyl 
ester obtained from an experiment with PS, was heated with 5.6 g of ethyl iodide for 90 minutes on a water bath, 
the solution was filtered off from the lead lodide which forms, and the filtrate was fractionally distilled, giving 
6.1 (82.3% yield) of wicthyl dithiophosphate, b.p. 116-117°/12 mm; 1.5034; 1.1156, 


Double Salt of Mercuric Jodide and Triethyl Dithiophosphate 2Hgl, 


a) From the ester obtained from P,S, 10.7 g of triethyl dithiophosphate was heated in an oil bath at 
$5-110° with 45.4 g of mercuric iodide, for 80 min., and the product was recrystallized from alcohol, giving 
39.0 g of double salt, m.p. 79-82, rising to 85-86° after a second recrystallization. 


b) From the ester obtained from ethylation of lead dicthyl dithiophosphate, The m.p. was 85-86°, mixed 
m.p, with above product, 85-86"; Pishchimuka gives an m.p, of 86°. 


Reaction of P,S, with ethanol. 50.8 g of the sulfide PS, and 69 g of absolute ethanol were allowed to 
rezct, and the product was distilled three times, giving the fractions: 


Fr. I. B.p. 63-65.5°/11 mm; 2.5 g 
Fr. Il. B.p. 65.5-66.5°/11 mm; 26.3 g; 1.4592; 1.0828, 


Found %: C 31.25; 31.18; H 7.13; 7.39; S$ 20.5% 20.45; P 20.35; 20.35; MR 38.91. 


CgHyO,PS. Calculated C 31.17; . “H 7.07; S$ 20.78 P 20.13; MR 39.02 
Fr. 11. B.p. 66.5-110°/9-11 mm; 2.5 g; a mixture 


Fr. IV. B.p. 110-111°/9 mm; 20.1 g; 1.5015; 1.1165; 1.1383; Ogg 33.09 dynes/cem. 


Found %: C 33.78; 34.00; H 7.17; 7.30; S 29.85; 30.09; P 14.69; 14.37; MR 56.65; P 460.4; 
M (cryoscopic, in benzene) 209.9 
CoHys0,PSq. Calculated J: C 33.64; H 7.01; S$ 29.95; P 14.49; M 56.60; P 459.0; M 214. 


Determination of tervalent phosphorus in Fraction II, (C,H,O),PSH. A weighed amount of diethyl thio- 
phosphite was dissolved in 20 ml of 0.1N-**2OH_ and the solution was heated in a Kjeldahl flask for 10 hours, 
passing a seam of CO,. It was then made acid with 0.1N- HCI, and boiled in a sueam of CO, until the emerg- 
ing gas no longer contained hydrogen sulfide, after which phosphorous acid was oxidized with mercuric chloride, 
in the usual way. The calomel formed was collected, washed and dried at 105°. 


Found %: P 20.25; 20.17 
CgHyO,PS. Calculated %: P 20.13 


Reaction of PSs with ethanol, 28.4 g of the sulfide PySg was heated for 10 hours with 46.0 g of absolute 
ethanol, the solution was filtered from the solid residue, which weighed 7.4 g, and the filtrate was fractionated 
(3 distillations) at 9.5 mm, giving the fractions: 


Fr. 1. B.p. 59.5-61°/9.5 mm; 0.9g 
Fr. IL B.p. 61-61.5°/9.5 mm; 8.3¢; 1.4589; d§° 1.0805 


Found MR 38.96; Calculated MR 29.02 (C,14,0),PS 
Fr, ill. 61.5-105°/9.5 mm; 3.4 g; a mixture ; 


Fr. IV. 105-105.5°/9.5 mm; 9.3 g; 1.5020; 1.1157. 
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Found MR 56.60; Calculated MR 56.60 (C,H,O),PS(SCgH,) 


Reaction of 1:1 atomic sulfur-phosphorus melt with ethanol, 49.8 g of the melt was treated with 80 g of 
ethanol, and the solution was filtcred after completion of the reaction (s0lid residue 17.3 8). The fikrate gave 


the following fractions after two distiJlations at 11 mm: 


Bp. 64-65,5°, 1.3 

Fr. 11 B.p. 65.5-66.5, 16.3 g; nip 1.4592 

Fr. B.p. 66,5-112°, 7.08 
Fr. IV B.p, 112-112.5°, 19.3 g; 1.5032 


Reaction of with propanol. 62.2 g ofthe sulfide and 120 g of absolute n-propanol were taken, 
The product gave the following fractions aftez $ distillations at 3 mm: 


Fr.I B.p. 59-62°, 0.5 ¢ 
Fr. B.p. 62-63°, 20.8 g; 1.4581; 1.0290. 


Fourd %c P 17.12; 17.20; MR 48.27 
CH y0,PS. Calculated P 17.03; MR 48.26 


Fr. I B.p, 63-85°, 4.6 g; a mixture 
Fr. IV B.p. 85-66%; 8.3 nif 1.4987; 1.1040. 


Found %: P 14.37; 14.45; MR 56.88 
Calculated P 14.49; MR 56.82 


Fr. V B.p. 86-115°; 3.7g; a micure ; : 
Fr, VI B.p. 115-116°, 11.0 g; 1.4955; dg® 1.0561; og, 29.91 dynes/em 


Found 4c P 12.02; 12.21; MR 70.75; P 565.6 
Calculated P 12.11; MR 70.46; P 576.0 


Reaction of PS, with n-propanol. 47.4 g of the sulfide PS, and 108 g of oe give a product, which 
after thrce vacuum distillations at 4 mm “gt the fractions; — 


Fr.I Bp. 74.5-75.5°, 30.2 g; np 1.4581; 1.0290 


Found MR 48.27 
CgHj50,PS. Calculated MR 48.26 


Fr. If B.p. 75.5-123°; 6.0 g; 
Fr. B.p. 123-124°, 9.7 g; nf) 1. 4952; 1.0561 


Found 
C5H,O,PS,. Calculated MR 70.46 


Reaction of P,S, with isopropanol. 52.2 g of the sulfide PS; and 120 g of isopropanol give a product, from 
which the following fractions were obtained, at 3 mms 


Fr.1 B.p. 4849, 
Fr. B.p. 49-50*, 23.8 g; 1.4541; dg° 1.0135, 


Found Ye P 17.10; 17.13; S 17.55; 17.55; MR 48.64 
CgHy0,PS. Calculated Je P 17.03 17.58; MR 48.26 


Fr. 10 B.p. 50-7050:3.8 g; a mixture 
Fr. IV B.p. 70,5-71.5%, 32.6 g; 1.4920; 1,0913 


Found %e: P 14.40; 14.46; S 29.62; 29.35; MR 56.89 
Cl4jg0,PSp. Calculated Je: P 14.49; $ 29.91; MR 56.82 


Fr. V B.p. 71.5-91°, 3.7 g; a mixture 
Fr. V1 B.p. 91-92", 4.7 g; 1.4843; 1.0352 


Found %: S$ 24.95; 25.17 
Calculacd Je: 25.00 


2 
ape 
ihe, 
‘ 
Aa 
| 
| 
: 
‘ 
: 
= 
: 
? 4 
. 
. 
4 
. 
‘ 


~- 


‘ 


Reaction of of whh fsopropanol. 41.4 g of the milfide PS and 108 g of isopropanol gave a product, from 
which the following fractions were a aftez three distillations: 


Fr.t Bp. 4748°/3 mm; 26.0 g; 4533; 1.0132 (0 
Fr. 11 B.p, 48-96°/3-Immy; 5.5g; mixture 
Fr. 11 B.p. 96-97°/7 mm; 4.0 g; ry 1.4936; 1.0921 (1s0-C,H,O),PSSH 


Reaction of PS; with n-butanol, 52.2 g of the sulfide PS, and 133.2 g of n-butanol were allowed to react, 
and the product was distilled at 4 mm., giving the fractions: gis. ‘ 


Fr. 1 Bp. 101-105°, 29.08 
Fr. If B.p, 105-110°, 20.5 (with decomposition) 


Decomposition then became Increasingly more intense, so that distillation was stopped, icaving 57 g of a 
bright yellow syrup in the flask; this oneiius was treated separately. The distillates were redistitied three times at 
4 mm, giving 


Fr. 1 B.p, 89-90°, 26.2 g; 1.4583; 0.9974, 


Found 4e: P 14.53; MR 57.48 
CyHyyOgPS. Calculated Je P 14.76; MR 57.50 


Fr. II B.p, 90-148, 4.3 g; a mixture 
Fr. IIL B.p. 148-149*, 13.4 g; 1.4859; dg? 1.0159 


Found %: P 10.52; 10.50; MR 84.20 
Calculated P 10.40 MR 84.32 


The undistilled residue was treated with a small excess of 0.1 N NaOH, and the aqueous layer was separated 
from the ofl, and extracted with ether, The ethereal extract was added to the ofl, and the solution was dried with 
calcium chloride; it yielded a further 3.6 g of tributyl dithiophosphate, b.p. 148-149°/4 mm; my 1.4863. 


The aqueous layer was evaporated down on the water bath, and excess of aqueous mercuric chloride was 
added. The precipitate was thrice recrystallized from alcohol, giving 4.9 g of mercury dibutyl dithiophosphate, 
m,p. 60-61°.. The same salt was prepared by the method of Mastin et al [7], also m.p. 60-61", mixed m.p, with 

our salt 60-60.5°. 


SUMMARY 
1. Astudy has been made of the reactions of the sulfides of phosphorous P,Sz, PS, and P,S, with alcohols, 


2. Three types of products are obtained from P,S, and ethanol, propanol or butanol, viz., (RO),PSH, 
(RO}PSSH, and (RO),(RS)PS. 


3. The sulfide P,S, and methanol give the esters (CH,;O),PSH and (CH,O),(CH,S)PS. 


4. The sulfide P,S¢ reacts with alcohols to give esters of the types (RO),PSH and (RO),(RS)PS. Only with 
“sopropanol does this sulfide give the esters and 


5. The same products aze obtained from the sulfide P,S,, or the 1:1 atomic sulfur-phosphorus melt, and | 
aicchols as with the sulfide PySg, but the yields are lower. 


6. The dialkyl dithiophosphates (RO),PSSH have for the first time been prepared pure; they are :°qu‘ds, 
which can be distilled in vacuum, 
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STUDIES IN THE FIELD OF CYANINE DYES 


PART 3. ASYMMETRICAL CARBOCYANINES FROM N-ARYLQUINALDINE AND INDOLENINE 


G. T. Plilyugia 


The asymmetrical} cyanines have only relatively recently been studied, owing chiefly to the-much greater — 
difficulty of preparing them, as compared with the symmetrical cyanines, which are of particular importance as 


sensitizers of silver bromide in photographic emulsions. The asymmetrical cyanines are thus of considerable 
interest, from both the theoretical and the practical points of view. 


Asymmetrical cyanines containing an N-arylquinoline ring were first described by the author [1} It is 
of interest, in studying the structure of this class of dyes, to investigate the effect on the color of the dyé of 
varying the heterocyclic component and the substituent in various positions of the molecule, 


We shall in the present paper consider asymmetrical cyanines formed from N-arylquinolinium salts and 
the intermediate product 2-8 -anilinovinyl-3,3-dimethylindolenine methiodide [2} 


CH, COCH, 
CH, + H= CH-N-C,, 
N 


Clo, 


Hy 
H=CH-CH 
N 


C10, CH, 


The N-arylquinoindocyanincs obtained are shown in the Table, which also gives, for the sake of comparison, 
the absorption maxima of the corresponding symmetrical dyes, 


The presence of N-aryl groups in the quinoline ring.gives insignificant bathochromic shifting of the absorp- zi 
tion maximum of the asymmetrical dyes, as compared with alkyl substitucnts. This led to the much smaller ‘ 
hypsochromic shift of the absorption maximum of the asymmetrical dye from the additive value of the maximum ate 
for the corresponding symmetrical dyes. Thus, for example, the dye obtained from the quaternary salt of quin- 
aldine ethiodide and the intermediate product of indolenine has an absorption maximum at 559.5 my, and the 
hypsochromic shift of the maximum from the additive value amounts here to 15.0 mp, whereas the analogous dye 


with a pheayl substituent has an absorption maximum at-572 my, and the hypsochromic shift from the additive 
value is here 7.5 mp. 


In comparing the dyes obtained with each other, taking as the basis for comparison the dye with a N-phenyl . : zs 
group (No, 1), we obscive the follow!ng mutual effects of variou: structural groupings, Introduction of the methyl 
group into position 6 leads to a bathochromic shift of maximum absorption of 6 mp (No. 2), whereas a G-anethyl 
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Formula of dye 


Chy’ 
cusci-cHs| 


du, 


Absorption maximum, m 


Symme4 Symme- 
trical 


614 


620 


622 


625 


trical 


545 


578 


| 


Deviation from 
addition rule 
Batho- 
chromic {chromic 


1.6 - 
4.5 
1L5 - 


TABLE ‘ 
metri- | metri- Ms 
: 
* | from jcal cal 
from (found) 
| 1 i 
2 
¥ 
| $45 579.5 572 
+ 
clo 
CH, 
4 
CH, ‘a 
; +, 
ClO, 
3 me 545 |se3.5 | 572 
+ 
7-CH=CH-CH= 
Zio 
gy 
CH, 
CH, 
HC CH; 
4 me | sso 
‘ 
N N 
| a, 1 
lige 
a 
: 
i 
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TABLE (Continued) 
4 Serial Formula of dye bsorption maximum, mp Deviation from 
No, Symme4q Asym- addition rule 


trical | metri- Hypso- | Batho- 
chromic} chromic 
645 | 18 
545 $43.5 | 585 8.5 - 
545 581.5 .] 574 1.5 
$45 1594.5 | S80 14.5 - 
cig, 854 1645 599.5: | ses us | - 
CH ff 
| 
CH, 
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absorption maxLmura of 8 my Is found in the 6-methy]-N-naphthyl derivative (No, 4) and in the 5,6-benzo-Ne 
phenyl derivative (No, 5), while the shift for the 7,8-benzo-N-o-oly! derivative (No, 6) amounts to 13 mp. 
Simultaneous presence of phenyléne groups in the 5,6 position of the quinoline ring and in the N-aryl substituent 
(No. 9) gives a shift of 13 mp. It fs of interest that presence of a phenylene group in the N-aryl substituent has 
only a very small soa ©. 7); a similar finding has becn reported for dyes of a symmetrical structure fF}, 


EXPERIMENTAL 


(1 Phenylquinoline-2)4 perchlorate, 0.4¢ of indolenine 
; imermediate product (1 mol) and 0.34 g of phenylquinaldine perchlorate (1 mol. + 20% excess) were heated with 


2 ml of pyridine for 30 min., keeping the mixture Boiling gently. The dye was precipitated from the pyridine 
solution by adding a small amount of alcohol, collected, and washed with water, alcohol, and ether. The dye 
was recrystallized from alcohol, as platelets with a green metallic sheen, m.p, 180° (decomposition), yield 49, 
Absorption maximum in ethanol solution 572 mg. 


Found Cl 6.94 
OL Calculated Je Cl 7.05 


2)-trimethinecyanine perchlorate. 0.2 ¢ of the 
quaterpary salt 1-phenyl-6-methylquinaldine perchlorate in 2 m] of pyridine and 0.18 g of indolenine derivative 


were heated at the b.p. for 30 min, with a few drops of acctic anhydride. The dye was precipitated from the 
cooled solution by addition of ether, and was collected, washed with alcohol and ether, and recrystallized, giving 
0.12 g (44% yield) of dark red crystals, m.p, 215°, absorption maximum at 578 mp. i 


Found %: Cl 6.61 
Calculated Je Cl 6.87 


(1-p-Tolyl4 -methylquinoline perchlorate. 0.25 g of 
quaternary sa.t (1.2 mcl), 0.25 g of indolenine intermediate (1 mol) and 2 ml of pyridine were boiled under 


reflux for 30 min, with shaking. The dye was precipitated from the cooled soiution by adding ether, and the 
precipitate was dissolved in alcohol. An equal volume of saturated aqucous potassium perchlorate was added 
to the solutioa, and the crystalline product was recrystallized from aqueous alcohol, giving light green crystals 
of m.p. 215-218* (decompesition), yield 27%, absorption maximum at 572 mg. 


Found Cl 6.32 
Calculated Je C16.69 


| group in the N-p+olyl derivative has no effect on shift of the maximum (No, 3), A bathochromic. shift ofthe = * 


- - 


(1-a-Naphthyl-6-me thylquinolinc perchlorate, A 
mixture of 0.2 g of l-a-naphthyl-6-methylquinaldine iodide, 0.26 g of indolenine intermediate, and 2 ml of 


pyridine is boiled for 1 hr, adding a few drops of acetic anhydride during the process. The reaction product 
was tweated with ether, and the residue was dissolved in ethanol (2 ml). Saturated aqueous potassium perchlorate 
was added, the mixture was Leated to boiling, and left for 24 hrs. giving 0.13 g (43% yield) of violet crystals, 


with a metallic sheen, m.p, 252° (decomposition), absorption maximum 580 mp. Alcoholic solutions of the 
dye were colored violet. 


Found Cl 6.41 
CyHyN, Ol Calculated Ja Cl 6.26 


1-Phenyl-5,6-benzoquinoline-2)11,3,34rimethylindolenine-2)4rimethinecyanine perchlorate. A mixture 
of 0.2 g of 2-B-acetanilidovinyl-1,3,34rimethylindolenine lfodide, 0.22 g of the quaternary s4lt of benzoquin- 
aidine perchlorate, and 2 ml of pyridine, with a few drops of acetic anhydride, were boiled, with constant shaking, 
for 40 min, The dye was precipitated from the solution by adding ether, and the precipitate was dissolved in 

2 m! of alcohol, 2 ml of saturated aqueous potassium perchlorate were added, and the product was recrystallized 


from aqueous alcohol, giving a crystalline product with a metallic sheen, m.p. 239° (decomposition), yield 29%, 
absorption maximum at 580 mg. 


Found %: C16.16 
Calculated Je C1 6,42 


re! 2) {1,3,3 4rlinethylndolentne 2)-triincthinecyanine perchlonate. A mixture 
of 0,15 g of fodide, 0.25 g of 1-0-+tolyl-7,8 -benzoquinaldine perchlorate, 
3 inl of pyridine, and a few drops of acetic anhydride was botled for about 1 hr., cooled, ether was added, the 
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precipitate was collecied, washed with water, alcohol, and ether, and recrystallized from aqueous alcohol, 
giving a product, m.p. 225° (decomposition), absorption maximum at 585 my. The alcoholic solution was 
colored lilac, 


Found C€16,14 
Calculated %: Cl 6.26 


(1-a-Naphthylquinoline -2)41,3,3-trimethylindolenine 2)-trimethinecyanine perchlorate. A mixtwe of 0.2g 


of the quaternary salt a-naphitiylquinaldine perchlorate, 0.16 g of 2-B8-acetanilidovinyluimethylindolenine 
methiodide, 2 ml of pyridine, and a few drops of acetic anhydride was boiled for 45 min., 5 ml of ether was 
- added to the cooled solution, the precipitate was dissolved in 2 ml of ethanol, 2 mi of saturated aqueous potassium 
perchlorate and 5 ml of water were added to the warm solution, which was then boiled for 5 min, The finely 
_ Crystalline product was collected, washed with ether, and recrystallized from aqueous alcohol, giving 0.1 g of 
_dark blue crystals, m.p. 260° (decomposition), yield 30% , absorption maximum at $74 mp. The alcohdlic sdlutios 
- _.- Of the dye was colored bluish red. 


Found C1 6.27 
Calculated Cl 6.42 


q -2)4rimethinecyanine perchlorate, A mixture 
of 0.2 g of indolenine intermediate, 0.22 g of the quaternary salt tolylbenzoquinaldine iodide, 2 ml of pyridine, 


- and a few drops of acetic anhydride was boiled for 50 min, 5 ml of ether was added to the cooled solution, the 
precipitate was collected, dissolved in.alcohol, and reprecipitated with ether. 2 Ml of saturated aqueous potassium 
perchlorate was added to a boiling alcoholic solution of the dye, and the salt was collected the next day, washed 
with alcohol and ether, and recrystallized from aqueous alcohol, giving 0.065 g (26.8% yicld) of dark violez 
crystals with a metallic sheen, m.p, 225° (Cecomposition), absorption maximum S80 mp. 5 


Found Cl 6.08 
CygHs,N,0,CL Calculated Je Cl 6,26 


(1-8-Naphthyl-5,6-benzoquinoline-2)41,3,3-trimethylindolenine-2)-trlmethinecyanine iodide. A mixture 
of 0.4 g of indolenine intermediate (1 mol), 0.48 g of the quaternary salt naphthylbenzoquinaldine iodide 


(1 mol + 20% excess), 2 ml of pyridine, and 0.5 ml of acetic anhydride was boiled for 40 min. The color of es 
the solution rapidly changed from reddish violet to blue. The dye was precipitated by the addition of ether 
to the cooled solution, and was recrystallized fiom aqueous alcohol; the yield of crude product was 0.21 g, 

or 37.5% which fell to 22% after recrystallization, Dark blue crystals, m.p. 248-250°, absorption maximum at 
585 


Found % 120.38 


SUMMARY 


1. New carbocyanine dyes with an asymmetrical structure have been prepared by the reaction of 
quaternary salts of N-arylquinaldine with indolenine intermediate product. 


2. the properties. of the new asymmetrical dyes have been studied. 


Received December 1, 1951 Institute of Organic Chemistry ; 
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ULTRA-VIOLET ABSORPTION SPECTRA OF SOME DERIVATIVES OF PYRIDINE AND 
NICOTINE 


PART 3 


K. A. Zhikova, M. $. Kondakova, and Ya. L. Goldfarb 


Goldfarb and Kondakova [2], acting on S-bromo-2-aminonicotine (1) with acetic anhydride, obtained an . 
isomer to which they assigned the structure (11), .on the grounds that uncer. similar conditions 2-amino-nicotine gives 


2-aminometanicotine: 
H,C___ CH 
| | Br- CH-CH,-CH,-NHCH, 
B | Cry | 


It was supposed that the action of acetic anhydride consists in the opening of the pyrrolidine ring of 
molecule (1), giving a new molecule with a double bond in the side-chain conjugated with those of the 
pyridine ring. This sort of change in the degree of unsaturation of the molecule involves, in particular, a 
bathochromic shift in the absorption spectrum [3} for this reason the presence of such a shift, in comparing 
the absorption curves of 5-bromo-2-aminonicotine and of. the new base derived from it, could be taken as 
confirmatory evidence that the latter is 5-bromo-2-aminometanicotine. For this reason we have undertaken 
the study of the ultra-violet absorption spectra of this compound, and of others of related structure, The same 
method of comparing spectra was later found useful in solving certain problems arising from a study of the 
transformations of 5bromo-2-aminometanicotine (I). The results obtained are given in Table 1°, and the 
absorption curves serving as bases for comparison are shown in Figs. 1 and2. | 


The first maximum of the absorption band of 2-aminometanicotine, the structure of which as a compound 
with a double bend in the side-chain conjugated with those of the pyridine ring has been established by chemical 
methods [4], is shifted in the long-wave part of the spectrum by about £5 my , as compared with the corresponding 
maximum of 2-aminonicotine. The absorption curve of 2-amino-344*-dimethylamino-but-1"eny!)-pyridine, which 
may be regarded as a methylation product of 2-2minometanicotine, scarcely differs with respect to the position 
and magnimde of the absorption maximum (Table 1) from that for the lattes compound, Such a coincidence of 
the absorption spectra was to be expected, since the introduction of a methyl group, which itself does not per- 
ceptibly affect the absorption spectrum, does not in the given case involve any rearrangement of the double bonds, 


Hydrogenation of 2-aminometanicotine gives 2-amino-3-¢4°-methylaminobuty!)-pyridine, in which both 
bands (Fig.1) are shifted in the direction of shorter wave-lengths, and the absorption curve becomes practically 
identical with those of 2-aminopyridine or 2-aminonicotine, 


Systems of a higher degree of unsaturation than 2-aminometanticotine are represented by 2-amino-3-buta- 
1°, 3°-dienylpyridine (Fig.3), for which the maxima of the absorption bands are at 344 mp (log E 4.11) and 270 
my (log E 4,16), and are hence shifted considerably towards the red end of the spectrum, in comparison with the 
corresponding maxima for 2-aminometanicotine, Hydrogenation of the unsaturated side-chain again gave, as 
could be expected, a system (2-amino-3-butyl-pyridine) spectrally indistinguishable from 2-aminopyridine or 
2-aminonicotine, 


It is evident from the data cited that the changes fn the absorption spectra of substituted 2-aminopyridines 
are of the same nature as in other systems, arranged tn order of increasing number of conjugated double bonds, Le., 
formation of a new conjugated double bond Involves a considerable shift of the absorption bands in the direction of 
* The spectra are in all cases those obtaincd in ethanol solutions of the basea, 
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Fig. 1 


longer wave lengths, A shift in the same direction, and of - 

the same Inagnitude, is observed when we compare the spectra Fig. 2 

of 5-bromo-2-aminonicotine and of the base formed from it 

by the action of acetic anhydride (Fig. 4); this confirms our previously expressed view (loc. cit.) that this is 5- 
bromo-2-aminometanicotine, the first max‘mum of the absorption curve of which fs at 335 my (log E 3.71). 

It thus appears that substirution of bromine tn position 5 of the pyridine ring of 2-aminometanicotine leads 

to a further shift towards the red end of the spectr'm, on the average of about 12 ma. 


The absorpzion curves of 5-bromo2-am{nometanicotine and of the product of Its ring closure, in which 
the partly hydrogenated ring retains a double bond conjugated with che double bond system of the second ring, 
vic., 6-bromo-2-methylaminomethyl-1,2-<dthydro-1,8-naphthiridine, differ only in the position of the second 


maximum, but are identical {n all other respects (Fig. 5). In view of this, the data for the absorption spectrum 
of 6romo2-methyl-1,8-naphthir!d'ne are the more noteworthy. 


The absorption curve for th’s compound has a first max!mum shifted towards the ultra-violet, as compared 
with the former dthydronaphthir'dine (F'g. 6), with a second maximum ending abruptly at 245 my; these two 
systems have radically different spectra, This effect appears to be a consequence of dehydrogenation of dihy- 


dronaphthiricine, which leads to production of a tedically new chremophore (1,8-naphthiridine), with a new 
system of double bonds, 


While studying the transformazion of 5-bromo2-amtnometanicotine we found ourselves obliged to choose 
preter structirs A and B for the base of m.p. 127-129, formed together with 6-bromo-2-methylamino-methyl- 
by the action of alkali on 
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| Substance Formula 
2-Aminonicotine 
‘ 
| nN 
2-Amino-344'-methylaminobut 
1°-enyl)-pytidine (2-aminometani- ‘ 
cotine) | 
2-Amino-34°-dimethylaminobut- | 
4 1°-enyl)-pyridine 
| 


cotine) | 


NH, 
N 
Se —CH=CH-CH=CHy 
pyridine 
2-Amino-3 butyl pyridine -~CH, ~CHy-CH, 
NH 
N 
5 Bromo-2-aminonicotine 
N-C 
Hy 


N 

5 Bromo-2-amino-34" 
bromo-2-aminometanicotine) ~ _-\-NHg 


6-Bromo-2-methylaminomethyl- 


1,2-dihydro-1,8-naphthiridine Bry 
HCH,NHCH, 


thiridine ta 


MAL 
N N 


5-Bromo-2-amino-3 1" «methyl- 
2°-pyrrolinyl)-pyridine 


N-CH, 
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TABLE 1 (Continued) 

Substance Formula Ist max, E 2nd log E 
318 5.68 ‘238 3.98 
liny!)-pyridine | | : 
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A comparison of the absorption spectra of this base and of 5-bromo-2-aminome:anicotine enabled us to make 
the necessary choice (Fig. 7). 


The spectra of bases of type B should not differ significantly from that of 5-bromo-2-aminonicotine, 
since the position of the double bond of the side-chain is the same, and the ethylenimino-+ing does not cause 
any shift in the position of absorption bands due to presence of double bonds in the moiecule (5} If, therefore, 
the base of m.p. 127-129° had structure B, its absorption curve should in its general contours conform with that 
of 5romo-2-aminometanicotine, This is not, however, found to be the case; the maxima of the absorption 
bands for the base of m.p, 127-129° are at 315 mp (logE 3.82) and 247 my (log E 4.2), aid for 5-bromo-2- 

. aminometanicotine are at 335 my (log E 3.71) and 255 my (log E 3.92). A very similar absorption curve fs 


found for the product of reaction of nitrous acid on the base of m.p. 127-129, 5-bromo-2-hydroxy-3-(1°-methyl- 
2°-pytrolinyl)-pyridine (Fig. 8). 


The similarity of the absorption curves of the base and of 5-bromo-2-aminonicotisine should also be noted, 
as being in agreement with our views on the structure of the base of m.p. 127-129°, as a derivative of dihydro- 
nicotine of structure A, in which the double bond {s not conjugated with those of the pyridine ring. 


EXPERIMENTAL 


1, 2-Aminonicotine was prepared by the method of Chichibabin and Kirsanov [6] and was purified by 
vacuum distillation followe ° Sy recrystallization from cthanol-acetone mixture; it melted at 124-124.5°, 


2. 2-Amino-3-(4° -methylaminobut-1*-enyl) pyridine (2-aminomcetanicotine) was prepared by the method 
of Goldfarb and Karaulova {7}, m.p, 81-82° after vacuum distillation and recrystallization from heptane. 


3. 2-Amino-344* methylaminobuty!)-pyridine (2-aminodihydrometanicotine) was obtained by hydrogenation 
of 2-am{nometanicotine in presence of platinum catalyst. It was purified as the perchlorate, after regeneration 
from which it was recrystallized from heptane; m.p. 84-85°, 


677 


‘ 
j 
a Y N 
4 
¥ 7 
ag 
; 
> 
Fig. 7 ‘ 
= 
fl 
4 
a 
j 
: 


4, 2-Amino-344" was prepared by the mcthod of Goldfarb and 
Kondakova [8} It was vacuum distilled, and converted into the picrate, from which it was regenerated and 


. 2-Amtno-3-uta-1",3"-dieaylpyridine was prepared by the method of Goldfarb and Kondakova floc, 
cit.), It was purified by steam distillation, and dried over calcium chloride; m.p, 74, 


2-Amino-3-dutylpyridine was prepared by hydrogenating 2-amino-3-buta-1',3° dienylpyridine ia 
presence of platinuni catalyst, and was recrystallized from heptane; m.p, 4647, 


recrystallized from benzene; m.p, 85-86", 


1, $Bromo-2-aminonicotine was prepared according to Chichibabin and Kirsanov [6}. It was purified 
by vacuum distillation, followed by recrystallization from acetone; m.p. 138°, 


° 8. (5-bromo-2-aminometanicotine) was 
obtained by the action of acetic anhydride on 5-bromo-2-aminonicotine [9}, and was purified by vacuum 
distillation followed by recrystallizatiop from heptane; m.p, 103-104°, 


9, 6Bromo-2-methylaminomethy]-1,2-dihydro-1,8-naphthiridine was prepared by the action of alcoholic 
alkali on 5-bromo2-amino-343"-bromo~4’-methylaminobut-1"-eny]l)-pyridine [loc.cit.], and was recrystallized 
successively from ether and heptane; m.p, 155-156", 


10. 6Bromo 2-methy!-1,8-naphthiridine was obtained by a Hoffmann degradation of the methiodide of 
6 -vihydro-1,8-naphthiridine floc. cit.}], and was purified by recrystallization 
from aqueous ethanol and then from benzene. It changes into an opaque yellow mass at 213-215", and melts 
t at about 350°. 


11. 5Bromo2-amino-31°-methyl-2"-pyrrolinyl)-pyridine was prepared by the action of alceholic alkali 
on bromo~4* snethylaminobut-1*-enyl)-pyridine floc.cit.] and was purified by recrystalli- 
zation from ethanol; m.p. 127-129°, 


me 


12. 5Bromo 2-hydroxy-3{1°-methy]l-2° -pyrroliny])-pyridine was prepared by the action of nitrous acid 
on 5dromo-2-amino-3 <methyl2°-pyrroliny])-pyridine and was recrystallized from benzene; m.p. 
163° (decomposition). 


The spectra were photographed with the aid of a Hilgers spectrograph, medium size model, dispersion 
in the region of 260 my 44mp/mm, and of 250 mp 12 mpymm, The source of light was an arc between tungsten 
electrodes. The plates were 13 x 18 cm, {so-ortho, sensitivity 400, developer metol-quinol, acid fixing bath. The 
spectra were measured by the method of equal blackening, and the beam of light was split by a Huefner quartz 
rhombus. The intensity of the standard beam of light was varied by means of a rotating sector, Places of equal 
blackening were found visually. The scale of wave lengths was calibrated by means of a copper arc. Each 
spectrum was repeated a number of times, and a result was taken to be satisfactory if a point on the last section 


of a spectrum lay on the curve given by the preceding section. The concentration of the solutions was varied by 
factors of 10 and 100, 


We have pleasure in expressing our profound gratitude to E. V. Shpolsky for allowing us to execute the 
optical part of this research in the Optical Laboratory of which he is the head, and for bis intzrest and assistance. 


SUMMARY 


1. A comparison of the ultra-violet absorption spectra of a series of substituted 2-aminopyridines, in 
which substituents of differing degrees of unsaturation are situated in position 3 of the ring, shows that the 
adsorption maximum fs shifted when the side-chain double bonds are in conjugation with those of the pyridine 
ring. 


2. The results of the absorption spectra studies confirm the proposed structure of the compound obtained 
by the action of acetic anhydride on 5-bromo-2-aminonicotine, 


{ 

3. Comparison of the absorption curves of the base of m.p, 127-129 obtained by the action of alkali on 
bromo~4* and of other systems allows the conclusion 

: to be drawn that this base, m.p, 127-129, is a derivative of dihydronicotirine. 


Received February 23, 1952 Institute of Organic Chemistry 
Acadcmy of Sciences USSR 
V. 1. Lenin Pedagogic Institute 
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CHEMICAL TRANSFORMATIONS OF CELLULOSE MACROMOLECULES CAUSED BY 
OXIDANTS 


PART 7, CHEMICAL TRANSFORMATIONS OF CELLULOSE DUE TO ITS OXIDATION WITH SODIUM HYPO- 
CHLORITE 


E. D. Kaverzneva, V. 1. Ivanov, and A. &. Salova 


Calcium hypochlorite and chlorine are the most widely used oxidants for the bleaching of cellulose 
materials, The careful use of these oxidants, under the appropriate conditions, makes the fibers whiter, without 
significantly affecting their strength and chemical stability, but deviation from these conditions readily leads 
to severe damage of the fibers. On the other hand, a number of industrial processes require a definite lowering 
of the viscosity of cellulose solutions, or modification of its physical and chemical properties (production of 
viscose, lacquers, oxycelluloses), It is not therefore surprising. that numerous researches have been undertaken 
with the object of elucidating the changes produced in the properties of cellulose fibers by chlorine and hypo- 
chlorite. The general conclusion which emerged from these researches was that chlorine and the hypochlorite 
fon belong to the category of non-specific oxidants, which react with various parts of the cellulose macro- 


molecule to produce, according to the reaction of the solution, either the *reducing® type of oxycellulose or 
the *acid® type 1}, 


All chemical studies of oxycelluloses were of a largely descriptive nature until well into the forties of 
this century. However, the past ten yeazs have seen the elaboration of precise methods for the determination 
of the various functional groups of oxycelluloses, even when present in only minute amount in the macromolecule, 
Thus the analytical techniques applied and developed in our laboratories ailow of the determination of total and 
*uronic® carboxylic groups with an accuracy of up to 0.05% of the weight of the sample, of aldehyde groups with 
an accuracy of up to 002%, and of carbonyl groups with an accuracy of up to 0.1%. Thesz analytical advances 
make it possible to undertake a more profound study of the chemical processes taking place during the oxidation 
of cellulose by non-<pecific oxidants, 


The chemical changes produced by such oxidants as chlorine, hypochlorite fon, perhydrol, atmosphezie 
oxygen in alkaline media, and ultra-violet irradiation, and also the effect of pH changes on these processes, 
have not yet received any detailed study. Moreover, there are many mistaken beliefs current in this field, 
Thus Jurisch [2) says that perhydrol acts only on hydrate-cellulose, and only at concentrations of alkali greater 
than 9%. It appears from our work that chemical changes are observed in cellulose after the action of perhydrol 
at all pH values. The view ‘has gained acceptance, on the basis of the work of Unruh and Kenyon [3], that 


nitrogen peroxide fs a strictly specific oxidant of primary hydroxy groups, whereas we have found [4] that the 
activity of this oxidant is not so selective, 


The object of the present research {fs to study the chemical processes taking place when hypochlorite, 
the most widely used oxidant, acts on cellulose. A peculiarity of hypochlorite is that the oxidant varies 
according to the pH of the medium; free chlorine predominates in acid solutions, and the concentation of 
undissociated -hypochlorous acid rises as the reaction approaches neutrality, while with further rise in pH the 
concentration of hypochlorite fon rises [5] The stability of HOC] fs at a minimum at pH 6.7, and the maximum 
at pH 13 (Fig. 1), 


Oxidation of monosaccharides by chlorine in acid solutions involves oxidation of the aldchyde group, as 
well as primary and secondary hydroxy groups, with subsequent fission of the carbon chain (6), The primary 
hydroxyl of polyhydric alcohols appears to be the first to be oxidized (7), 


The mechanism of oxidation of carbohydrates by halogens must be regarded as being far from being 
clucidatcd, although the work of Shilov and Yasnikov (8) is a valuable contribution thereto, 
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The present paper describes the tesults-obtained for oxidation of purified cotton cellulose (0.05 N NaClO; 
18-22°; modulus 1:20), at differen’ pH of the solutions, uptake of oxygen being the same in all cxperimenta, 


Oxidation was Limited to use of 5-15 atoms of oxygen 
per 100 glucose residues, since when more oxygen Is used the 
process is complicated by superimposition of secondary 
processes, Only for the study of certain special problems was 
more profound oxidation applied, using up to 200 atoms of 
oxygen per 100 glucose residues, in acid and alkaline solutions, 
In addition to this, all analyses were repeated for a number of 
preparations after additional oxidation of aldehyde groups wizh 
sodium hypulodite in alkaline solution (pH 9.2). 


EXPERIMENTAL 

H Pretreatmem of cotton, The cotton was treated with 

{the 1% NaOH for 10 hrs at 100°, washed, dried, and extracted with 
dichloroethane and 1:1 methanol-ether mixture, Before taking 

it for the oxidation experiments the cotton was again washed 


with warm 1% NaliCO, solution and with water. Analysis gave the following: ash content 0.19%; total COOH 
groups 0.0-#, uronic acid COOH 0.07%; CHO 0.072%; fodine number 0.49; N 0.02%; viscosity of 0.2% solution 
840 millipoise, 


Oxidation, The NaClO solutions were prepared by saturation of cold 10% NaOH with chlorine, The 
NaOH concentwation of a sample of the solution was determined separately, after decomposing hypochlorite with 
H,©,, and the rest of the solution was made neutral by adding the calculated amount of hydrochloric acid, An 
equal volume of buffer solution was added to this basic solution, for the oxidation experiments, which were con- 
ducted with 0.049 N-NaClO at pH 4.6, 6.8, and 11. The modulus was 1:20 at 16-25°; the time needed for con- 
sumption of the scheduled amount of oxygen was derived from the difference between the active chlorine con- 
tent of the experimental and of control solutions, at various tines. The oxidized samples were then washed with 
a weak solution of NaHSOy, and with water, demineralized in 0.5% acetic acid, and repeatedly washed with water. 
They were then allowed to dry, and were further dried at 50° before being analyzed. 


Determination of total COOH-group content, from the reaction COOH + CHyCOOCa = RCOOCa + 
+ CH;COOH [S}. Portions (9.2-1.0 g) of oxycellulose were allowed to react for 24 hrs at room temperature 
with 0.5 N calcium acetate, prepared with CO,-free distili!ed water, and of pH 7.2-7.5. The free acetic 
acid formed was titrated with 0.02 N NaOH, to pH 8.3 (phenolphthalein indicator). The difference between 
the result of this titration and of a blank titration gave the carboxy group content, Determination of uronic 
COOH -groups from the reaction CHO{CHOH),COOH + HC] CsH,O, + 3H,0 +CO,. This was performed as 


a micro-variant of the decarboxylation method, using 12% HCl [10}; CO, was absorbed in 9.02 N-Ba(OH), 
excess of which was titrated with 0.02 N-HCL 


Determination of aldehyde groups, from the reaction RCHO + NaOl = RCOOH + Nal (11). A portion of 
; oxycellulose (0.2-0.5 g) was treated with 20 ml of ~ 0.03 N iodine solution + 10 ml of 0.05 M-Na,B,0,; (pH 


9.2) for 2 hrs at 25°, after which 30 ml of 0.1 N-HCl was added, and the solution was titrated with 0.01 N- 
Na,S,0 3 a control titration was cone at the same time, 


Determination of total carbonyl groups from the reaction RCOR® + NH,OH - HCl = RR°CNOH + H,O + 
+ HCl [12}. After carboxyl groups had been neutralized with calcium acetate the cotton was washed with water, 
and cried, and a 1.0 g sample was ucated with a freshly prepared 2.5% NH,OH solution (200 mi of solution 
contain 5 g of NH,OH HCl and 20 ml of 0.5N-NaOH (pH~5)); for 2 hrs at room temperature, The solution fs 
titrated with 0.1 N Hcl, with bromophenol blue indicator, taking the color change from blue to yellowish-green 
as the cnd-polnt (ph 3.2); a blank titration fs performed at the saine time, The method was checked by deter- 
; mining total nitrogen in the preparations afte: condensation with NH,OH. These analyses regularly gave @ 
: smaller amount of nitrogen than would correspond with that found by titration of the amount of CO-groups; 
; the reason for this discrepancy was not discovered. The Tables give the content of total carbonyl groups (and 

of keto-groups, as the difference from aldchyde groups), in accordance with the determinations of nitrogen, 


Viscosity was determined in 0.2% solutions of oxyccllulose cuprammonium reagent 20%, 
Cu 1.4%), and in some cases for acetone solutions of nitrate esters. Additional oxidation of aldchyde groups 
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with NaOI was performéd under the same conditions es for thelr determination, but allowing more time, Ths 


results are given in Table 1, 


‘The following conclusions emerge fom these analytical data: 


1. The following changes take place in the initial stages of oxidation of the macromolecule of oxyceDuloss 


by sodium hypochlorite in weakly acid solution (pH 4.6): 


(a) gradual rise In the COOH-group content; 
(b) gradual rise in aldehyde group content; 
(c) appearance of keto-groupe; 


(4) the number of uronic acid carboxylic groups exceeds that of total COOH-groups. 


2. The chemical changes due to oxidation in feutral solution (pH 6.8) are of the same order as in acid 
solutions, but the process proceeds ‘mach moie rapidly than in the latter, The number of uronic -— carboxylic 


groups is greater than that of free COOH-groups, 


3. The following is observed during oxidation in alkaline solutions (pH 11}: 


(a) @ more abrupt rise in total COOH-group content, in relation to bound oxygen, than in acid eacenaed 
(b) almost complete ebsence of aldehyde groups (except in the case of deep oxidation} 


(c) formation 6f ketonic groups; 


(d) the number of uronic carboxylic groups is much smaller than the total number of COOH-groups, 


These conclusions are shown graphically by the curves of Figs. 2 and 3. 
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Arons of 62100 


During equal intervals of 
time the curve representing binding 
of oxygen by cellulose lies much 
higher for neutral solutions than for 
acid or alkaline ones; this effect was 
taken to signify that the chief oxidam 
in the system HC1O. ~C10° is 
undissociated hypochlorous acid [13}. 


Yasnikov and Shilov (8) ad- 
vance a different view, according 
to which HCIO first gives an ester 
with a hydroxy group, and this 
ester then eliminates HCl, giving 
a carbonyl group: 


Fig. 2. Increase in functional group contents in oxycellulose as 
oxidation proceeds; 1) CHO, pH 11.0;2) COOH, pH 4.6; 3) CHO, 


PH 4.6; 4) CO, pH 11.0; 5) CO, pH 4.6; 6) COOH, pH 11.0, 


H 
+OH™ 


! 
+HClO. + HjO “G00, +a” 


OH 


This mechanism cannet be regarded as being proven, although there do exist arguments in its favor. 


Position of the carboxylic groups in the glucose residues of the cellulose macromolecules 


It follows from a study of Table 1 that with oxidation in acid or neutral solutions the number of *uronic® 
COOH-groups exceeds that of free carboxylic groups. We have explained this [14,15] as being due to presence 
of waces of carbonate esters, and to formation of lactones from part of the uronic COOH-groups of these oxycel- 
luloses. Since we have as yct no accurate way of estimating the extent of such lactone formation, the determina- 


tion of nor-uronic COOH-groups in these preducts is difficult, 


Oxidation of the primary OH-group at Cg to COOH is evident in the products of alkaline oxidation, as well 


as accumulation of non-uronic COOH -groups 


. It may be supposed that some of these will be at the end of chains, 


but it follows from calculation of the number of non-uronic COO -groups per macromolccule of oxycellulose 
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! 4 
4 1.66 51.91 0.17 (1.68 
: rate) ! i 
2deep 0.2 N NaOCl, 22°24hr~1 3.82 9 - 214 3.71 11.57 
0.049 N NaOCl, 22-25, 6.86 496 475 ‘0.25 (0.32 1.55 41.23 
2 hrs (phosphate buffer) | : | 
19-20°,Sdays 6.86 7.59 | 96.6.245 6.61 ‘6.83 - 0.49 1.73 |1.2% 
2 22-28°,7.5hs. | 6.86 9.12 | 96.8'342 0.76 0.09 0.53 1.63 [1.10 
6 0.049N NaOCl. 20°, 11 4.96 1420 0.38 j0.43 ‘1.26 {1.10 
6 hrs.(carbonate buffer)! ; 
3 -* 56.5 hrs, 20° i * ; 912 | 98.6390 0.65 [0.57 0.08 0.0 0.16 1.09 
9 “= 19-20°,20¢ays ‘14:38 180 {0.71 0.76 0.0 0.17 1.50 
TsB-3* Ca(OCl),20°,4hrs 9.5 :Given 1.58 “1.91 
in 2 stages 100-16 
© 9.5 -Given 


TABLE 1 


Analysis of oxycelluloscs, (All values for functional groups are given as equivalents per 100 glucose residues). ; 
No, of Conditions of oxidation of No.of {Degree COOH-groups Car- ‘Alde- -Carbo-!"Keto- 
prepara- | atoms of oxy- of total “uro- non- bon- hyde nyl inte 
tions tion jofO cellu- poly- (by the nic® wionic ate groups groups , groups 
 solu- bound ose, meri- Ca ace-; by groups (total), 
zation tate from 


0.049 N NaOCl, 19-22°,! 4, 
7 hrs (acetate buffer) | 
1:20 


{ 
390 0.425 10.76? | 2,20 
95.7:220 0.74 0.22 1.02 2.47 
9 |- +057 .0,98 -1.96 


1 4.6 + 7.09 
7 14 days 4.6 ‘13.16 
Prep. 0.13 N NaOCl, 24hrs., '20.2 


bz i? 
ldeep N NaOcl, 25°, 24 |~3.1 '44.6 


:200-23 

Prep.B 0.094 N NaOCl, 1:20, 9 - 
24°, 3 days (borate 
buffer) 


Initial cellulose 


* We obtained the preparations TsB-1 and TsB-3 from F, P. Kornarov of TsNIIB, for which we thank him. 


that it must be greater than one. It follows that formation of some of the COOH-groups Is associated wih opening 
of the pyranose rings of the glucose residues. 


_ Carbonic acid esters are present in the products of oxidation in acid and neutral solutions, but their numbers 
is small, and docs not tise as depth of oxidation increases, They are apparently decomposed as formed, with 
breakdown of the cellulose chain, 


Position of aldehyde groups in the glucose residues of the cellulose chain 


In order to ascertaia the position of the aldchydic groups in the glucose residues they were oxidized to 
carboxylic groups under. specific conditions, with the object of finding whether uronic or non-uronic acids are 
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4 4.25 |~100 (0.26 0.26 NO | — ‘0.32 2,14 /1.82 
| 
1.52 
1.45 
0.98 
| 
4 i: 
; 
3 BS 
- ‘1.44 |0.83 0.61 i 0.20 (1.57 |1.37 
| 
(0.15 0,025 /0.20 | 0.51 [0.31 
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RES: 


Obovno 


DVRATION oP hoves 


Fig. 3. Oxygen used for oxidaiion of cellulose 
at various pH: 1) pH 11.0; 2) pH 4.6; 3) pH 6.8 


grep coment of the residue, making {t impossible to draw up a balance of functional groups. This effect is 
particularly evident for highly oxidized preparations {n acid solution (Nos, 7-9). It appears from a consideration 
of the data for low degrees of oxidation (experiments Nos 1, 2, 3, and 4), and for deep oxidation in alkaline solu- 
tion (Nos. 5 and 6), that the content of uronic carboxylic groups rises after oxidation of aldehydic groups, suggesting © 
that some of these groups must be at position 6 of the glucose residues, 


A conclusion of this sort could not be made for the products of dcep oxidation of cellulose in acid solution, 
since the number of uronic carboxylic acid groups falls abruptly, owing to the solubility of these products. At 
first sight it is hard to understand the reason for the rise in the number of ketonic groups aftcr oxidation of alde- 
hydic groups, which appears to be a regular feature of products of deep oxidation (Nos. 5-9). We have suspected 
that during oxidation with sodium hypotodite in weakly alkaline solution hydroxyketone groupings can undergo 
oxidation, in addition to aldchydic groups, after conversion into endiol groupings. 


H OH OH 


This reaction could lead to increase in the number of ketonic groups without formation of new carboxylic 


groups. 


However, as was shown in our previous publication [15], the hydroxy-ketone grouping of oxycelluloses does 
not undergo conversion into endiol at pH< 10, and is not oxidized by hypoiodite. For this reason a different ex- 
planation of the apparent rise in ketonic groups must be sought, and this may be found in formation of lactones of 
newly formed carboxylic groups; the lactone reacts with hydroxylamine instead of the oxidized aldchyde group. 


produced, The products of selective oxidation of alde- 
hydic groups with NaOl at pH 9.2 were washed and de- 
minczalized, and were analyzed for all theis functional 
groups, This treatment should in theory lead to increase 
in the content of total free carboxylic groups, by an 
amount equivalent to diminution in the eontent of 
aldehydic groups, Should these aldehyde groups have 
been located at carbon atcm 6 of the glucose residues 
the content of uronic carboxylic groups should also 
rise. The results of these experiments are given in 
Table 2. 


It is, however, difficult to draw firm conclusions 
from these experiments, since during oxidation in 
alkaline solutions considerable dissolution of the oxy- 
celluloses produced takes place, the more oxidized 
units of the chains having a stronger tendency to pass 
into solution, This leads to a lowering of the carboxylic 


a 
This gives the appearance of a rise in ketonic group content. The nitrogen content of the cellulose oximes obtained wee 
before and after oxidation of aldehydic groups was about the same, in accordance with this supposition; aldoxime em 
nitrogen {is replaced by an equivalent amount of hydroxamic acid nitrogen, A es 
The basic conclusion to be drawn from these experiments is that some of the aldchyde groups of the oxy- a 
celluloses obtained by both acid and alkaline oxidation are at position 6 of the glucose residue. The number of 2 - 
aldchydic groups in this position is much smaller after alkaline than after acid oxidation, The number of other - ad 
aldchyde groups greatly exceeds one per oxycellulose macromolecule. re 
Attempt at formulating a scheme of oxidation processes associated with the action of sodium hypo- oR 
chlorite on cellulose 
Our experiments have led us to the conclusion that oxidation of cellulose with sodium hypochlorite , 
involves formation not only of carboxylic and aldchydic groups, as has been shown by numerous authors, but ; 
also of a-hydroxyketone groupings, carbonate groupings, and lactone bonds, The velocity of simultancously E 
proceeding oxidation processes depends on the pil of the solution, and they lead to production of oxycelluloses Fe. 
of differing chemical properties, a 
° 
cs 
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TABLE 2 


Analyses of oxycelluloses before and after additional oxidation of aldehydic groups (as equivalents per 100 
glucose residues) 


Expt. pH during Additional ; COOH- cO+COH CHO CO (by difference) CHO Total oxime N 
No. oxidation oxidation groups by titration before | after |before after at before after 
with with uronte of liberated : 
NaOCl] | before after | 
' : . before! after: 
1 46  NalOat 2.06. '1.51 2.98 11.91 0.38 Nil 1.92 12.56 
PH9.2 | 
2 46 ditto 21.06 1.39 3.01 /1.97;2.0 /2.02 1.97 | 0.35 | 
3. 5 (1,10 1.92+3.01 1.85) 0.98 | (2.03 1.85 1.33 [1.28 
00. 0.82 (0,83 2.49 | 2.43; 0.20 |0.035,2.79 2.39 jo. 1.53 
95 ° "3.06 3,38 5.39 '5.95/1.33 (4.05 5.95 (0,32 6,02 |5.62 
6 1.58 1,91 4.34 4.76 1.73 (2.61 4.76 0.32' 3,99 | 
7 «1.91 1.13, 2.38 ,1.21 ]0.05 (1.20 3.64 
acid solu- | i | 
tion | | ' : 
8 312 1.91 1.18: 2.38 Nil {0.99 3.65 2.08 |1.72 


Two parallel reactions proceed simultaneously in acid solutions: 


(1) oxidation of primary OH-groups at Cg, to give aldehydes, which are further oxidized to carboxylic 
Ps; 


(2) formation of a-hydroxyketones, which are further oxidized with opening of the ring, and formation 
of carbonic acid esters. 


Oxidation in acid solutions; pH 3-5: 


-s 


(IVa) CH,OH 


The oxycellulose formed has reducing properties (Cy and Cg aldchyde groups, a-hydroxyketone groups), 
and ts readily depolymerized in alkaline solution, owing to hydrolysis of carbonic acid cster residucs in the chain, 
and to enolization of aldchydic and kctonic groups [16]. Additional oxidation of aldehydic groups leads to 
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increase in the number of uronic carboxyls, at the expense of those aldchydit groups which are at position 6, Not 
all the carboxylic groups are free ones, some of them being included in lactone rings, asa result of which direct 
determination of acidity docs not reveal all of them, 


Oxidation processes in neutral solution are analogous to those in acid solution. In alkaline solutions the 
same two reactions (formation of aldchydes and ketones) initlate the process, which then develops differently, 
Stage I proceeds very quickly, and Cg aldehydic groups do not accumulate, but are rapidly further oxidized to 
uronic carboxylic groups (II). 


In the second reaction the monoketone (III) formed tsomerizes to the endiol (V1), which {fs rapidly oxidized 
to the diketone (VII), followed by opening of the ring, with formation of two carboxylie groups, giving a compound 
with a shorter carbon chain (VID). 


Oxidation in alkaline solution; pH iL 


(VII) CH,OH “io COOH COOH 


(VII) CH,OH 


There are no carbonic acid esters, and only a very few aldehydic groups, in oxyccllulose obtained in 
alkaline solution. The esters, if formed, undergo hydrolysis in alkaline so,ution, and aldchydes aie rapidly oxidized 
to carboxylic groups. On the other hand, there is 2 “.igh content of non-uronic carboxylic groups formed by opening 
of the pyranose ring at points of inclusion of keto- and diketo-groups. 


There are initially no lactone groups present in oxycellulose formed in alkaline solution, but these stuead 
are formed during acid treatment of the products for their demineralization. 


The reaction mechanisms given include only the simpler, partly experimentally confirmed, transforma- 


cf tions of glucose residues of the cellulose macromolecule. There can be no doubt that oxidation of primary OH- 


groups at Cg and of secondary groups at C, (or C3) may take place in the same glucose unit. 


In such cases a large number of different decomposition products should be formed, and an indication that 
the reaction may procced in this way is afforded by the fact that our experiments on condensation with NH,OH 
gave only negligible amounts of glucosamine, with larger amounts of some as yet unidentified nitrogen-containing 
products (15} 
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The fall in the degree of polymetization found in acid oxidation media fs not connected with presence of 

akichydic groups, as is shown by the stabil!ty under these conditions of dialdehyde-cellulose, Hydrolytic decoa- 

; position in acid solutions fs accelerated owing to hydrolysis of casbonic acid esters, the amount of which does not 

| rise with progressive increase in depth of oxidation, This indicates that they are decomposed as they are formed, 
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I H 
OH 


CHOH 


Apart from this, the stability of glucoside bonds in acid solutions is lowered when carboxylic groups are 
formed [17,3], 


Breaking of chains during oxidation in alkaline solutions takes place under the influence of aldehydic 
‘ groups which have become modified to the enolic form; the stability of the glucoside bond is Jowered by proximity 
; to a double bond [18}. It appears from the more recent experimental data on the stability of glucosides in alkaline 
solutions that keto-groups situated.at the a- or B-position relative to the glucoside bond also greatly reduce the 
stability of the latter (19). 


; The reaction mechanism proposed by us explains many of the properties of oxycelluloses, such as rapid 
increase in COOH-geup content during oxidation in alkaline solution, chiefly due to formation of non-uronic 
carboxylic groups, as a result of fission at keto-carbons. Our scheme is also in conformity with those structural 
features which cause excess evolution of CO, during determination of uronic acids (esters of carbonic acid, 
lactones). It logically explains the abrupt fall in viscosity observed when oxycelluloses from aci¢ oxidatioa 
are placed in alkaline solution (decomposition of carbonic acid esters, enolization), The impossibility of accu- 
muiating ketonic groups in the cellulose chain, owing to their further oxidation as they are formed, is also 
umderstandable in the light of our reaction scheme, 


Our scheme also explains how it is that HIO, in acid solution gives high-molecular *dialdehyde-celluloses® 
with a high aldehydic group content, or that dry N,O, gives high-molecular carboxyl-celluloses, while treatment 
with hypochlorite does not give highly oxidized high-molecular oxycelluloses. Hypochlorite-type oxidation is 
associated with formation of functional groups, some of which cause degradation of the chain in acid and neuval 
solutions, and others give this effect in alkaline solution. It is thusnot possibie to provide conditions such that 
the oxycellulose chain would be stable, and to this is due the non-specificity of hypochlorite as an oxidant, 


Staudinger and Sohn [20} who in 1939-1940 proposed a scheme for the oxidative degradation of cellulose, 
attributed the instability of the products to the action of alkalis to formation in the chain of modified glucose 
residues of the type of carbonic acid ethers (I) and esters (11). 


| 


() CH,OH (1) H,OH 


Both schemes were purely speculative, and were not backed by any experimental evidence whatsoever, - 


Schulz [21] in 1247 tried to provide an experimental basis for Staudinger*s scheme, consisting of reaction 
velocity measurements, Finally, Heuser suggests in his monograph (22) a variant of Staudinger’s scheme, also 
without any experimental basis. Nor does the very recently published paper of Haskins and Hogsed [23] make 
any rea¥ contribution; they suggest a variant of the mechanism already considered by us, depending on weakening 

of the glucoside bond by cnolization of aldchydic groups {18}. We thus sce that up to now no reaction schemes 


having any experimental basis whatsoever have been advanced for the oxidation of cellulose by non-specific 
Oxidants, 


Our paper represents the first attempt at providing such a scheme, based on chemical evidence, Some 
of the assumptions made carlicr have been confisincd by our findings; in particular, the presence of carbonie 
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acid ethers (esters) has a demonstrated with certainty ‘a celluloses oxidized in acid solution, although in very 
small amount, We have also demonstrated the presence of the hydroxyketonle grovping. Presence of dikctones 
is very probable, although we have no dizect evidence for this, Finally, our results have shown the presence in 
oxycelluloses of ester groups other than carbonate oncs; the ease of their formation in acid solution and of thelg 
hydrolysis in alkaline solution incline us to believe that we here have to do with lactone formation in separate 
glucose units, similarly to lactone formation in low molecular weight hydroxy-ecida, 


We were not able to establish presence of ester type bonds, as proposed by Staudinger and Heuser, since 
the reaction of formation of hydroxamic acids tells us nothing of the location of the ether groups, Our observae - 
tion that such groups are formed secondarily when oxycelluloses ze treated with aqucous acids cannot be made 
compatible with Staudinger's ester theory. The formation chiefly of uronic carboxylic groups in the initial 
stages of oxidation is an additional argument against oxidation ef carbon atom 1, since this should lead to 
formation of non-uronic COOH-groups, The possibility of oxidation at C, cannot, however, be entirely excluded, 
especially if we take into account Strepikhcey's’ views [24)} as to the possible presence in the cellulose chain 
of non-cyclic glucose residues: 


CH,OH 

OH 

OH H "HH H/ 

i. 
H OH CHOH OH 
CH,OH 


There are many other details of the oxidative process for which we are not at the moment able to 
give unambiguous cxplanaticns, We regard the mechanism advanced by us as being only a first approximation 
in accordance with the experimental matcrial obtained by us for reactions of oxidation of cellulose, 


SUMMARY 


1. Chemical changes in the structure of cotton cellulose due to oxidation with sodium hypochlorite at 
different pH have been investigated by means of specific quantitative micromethods, 


2. The following groups have been found in the oxycelluloses obtained by hypochlorite oxidation: 
uronic and non-uronic carboxylic groups, Cg aldehydic groups, a-hydroxyketonic and lactone groups, and carbonic 
acid ester (cther) groupings. 


3. The oxycelluloses obtained by oxidation in acid and neutral solution have a similar structure, different 
from that obtained in alkaline solution. 


4. A reaction mechanism is advanced for the oxidative degradationof cellulose by the action of sodium 
hypochlorite at various pH. This mechanism satisfactorily or the chemical behavior 6f the oxidation 
products, 


5. The various oxidative processes shown to occur may be utilized for the better control of such processes, 


and for the preparation of cellulose oxidation products of known properties, 


Received April 2, 1961 Institute of Organic Chemistry 
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1-ETHINYLCYCLOHEXA-1,3-DIENE AND ITS DERIVATIVES 


A. D. Petrov and A. V. Kulikovs 


We took as the starting material for the synthesis of this new-acetyleny? hydrocarbon 1-vinylcyclohex-3- 
ene, which is readily available, The acetylenic hydrocarbon could not be obtained by successive chlorination 
and dechlorination of the vinyl hydrocarbon, but bromination at —2° to +2°, giving the tribromide, followed by 
debromination gave the required product. The record of bromination of vinylcyclohexene by Lebedev [1}, and 
the results of our study of the product obtained alle 2 to assume that the reaction proceeds as follows: 


; + 3B | | 
-c=c —-CBr-CBr —C=C 
(1) 


A molecule of bromine first adds on the double bond of the side-chain, and an atom of bromine enters 
the ring according to the mechanism of Tishchenko [2}, with displacement of the double bond to the a-position. 


We at first oxidized hydrocarbon (2) under the conditions recommended by Lebedev [3] for oxidation of vinyl - 
cyclohexene, but we obtained only benzoic acid, 


It is evident that 1-ethinylcyclohexa-1,3-diene, being a derivative of dihydrobenzere, does not undergo 
fission at the double bonds when treated with chzomic acid mixture, but undergoes further dehydrogt nation of 
the ring. We next tried oxidation with 0.5 % potassium permanganate, whereby we obtained cyclohexa-1,3- 
diene-l-carboxylic acid and kctoglutaric acid, suggesting that oxidation proceeds as follows: 


HCOOH 


_.. ¢ 


COOH 


The presence of a triple-bond in hydrocarbon (1) was confirmed by its hydration, which gave 1-acetyl- 
cyclohexa-1,3-dicne, identified as its 2,4-dinitrophenylhydrazone, m.p, 230° [t hat the hydrecarbon (I) is not 
phenylacetylene is shown by the fact that the dinitrophenylhydrazone of acetophenone melts at 2499) The 
hydrocarbon (I) gave the corresponding tertiary acetylenic alcohols, by a Grignard reaction with diisopropyl 
ketone or benzophenone. These alcohols, similarly to Malenok's tertiary alcohols [4] (of the type 


R 
= 
ae 7. » Le., with phenyl radicals), are characterized by their great stability, in disinction 
to acetylenic alcohols with conjugated multiple bonds in al'phatic radicals, They do not polymerize when 
stored for cight months, 


EXPERIMENTAL 


Several kilograms of 1-vinylcyclohex-3-cne was obtained by he ating divinyl fa a stcel autoclave for 


6-8 hes at 140-160°/50 atin. It had b.p, 49-51°/50 mun, 0.8299; ni} 1.4647; found MRp 35.96; calculated 
MRp 36.03, 
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Bromination was conducted to the tribromide, the amount of bromine adding on being derived from the 
gain in welght of the flask with the product, The wibtomide is a dark, slightly fuming Uquid, with an acrid 
odor. It was debrominated by heating under reflux on a water bath with 20% alcoholic potassium hydroxide, 
which was added in small portions, each addit‘'on being followed by considerable evolution of heat, After 
completion of the reaction the potassium bromide formed was filtered off, the alcohol was distilled off from 

- the filtrate, the residue was diluted with water, and the solution was extracted with ether, The extract was 
fractionally distilled, giving a fraction of b.p, 52-54°/49 min, df? 0.8489; nl) 1.4865; found MRp 35.18; 
calculated MRp 33,94, yleld 20% of the 1-vinylcyclohex-3-ene taken, 


Oxidation of the fraction of b.p. 52-54°/49 mm, 1g of potassium permanganate was added to an emulsica 
of 4g of the hydrocarbon in 200 ml of water; the reaction proceeded energetically, and the solution was rapidly 
decolorized, 24 g of permanganate being added altoxether, The products included acids only, and after acidificae 
tion crystals of 2,3-dihydrobenzole acid (cyclohexa-1,3-diene-1-carboxylic acid), m.p, 93.5-94° [5)*. This acid 
has a tendency towards conversion into benzoic acid when boiled with water, during recrystallization, Its amide 
melts at 105°, 


Found in amide of m.p. 105° %: N 11.87 
Calculated for C;H,ON %: N1L3 


The filtrate from this acid was made neutral with aqueous ammonia, and the silver salt of q-ketog)utarie 
acid was precipitated from it. 


Found %: C 15.93; H 1.64; Ag 59.5 
CsHOsAgg. Calculated %: C16.6 ; H 1.10; Ag 59.9 


Hydration of the hydrocarbon (1) gave a ketone, the 2,4-dinitporhenylhydrazone of which melted at 
230-231": 


Found % WN19.01 
CyHyNOy Calculated %: N 18.65 


Synthesis of 14cyclohex-1", 


1-Ethinylcyclohexa-1,3-Jiene (24 g) was added in small portions to a solution in 150 ml of ether of 3.7 g 
of Mg and 16.4 g of C,H,Br. The reaction procecded energetically; with evolution of gas, and the mixture was 
then heated for 3 hrs, and left overnight. A solution of 18 g of dilsopropyl kctone in ether was then added; the 
teaction, which commenced afier half of the ketone had been added, proceeded violently, and required constant 
cooling. The complex was decomposed with ammonium chloride, and the product was fractionated, giving 9.2 g 
of a fraction of b.p. 162-164°, ni} 1.5030; dg” 0.8830; found M 223; calculated M 218. 


Found %: C 82.32; H 10.36 
CysHy,0. Calculated %: C 82.50; H 10.01 


Found %: OH 6.89 (Tserevitinov) 
Calculated%: OH 1.8 


The OH-z oup content was determined more accurately by the method of dehydration with fodine [6} 
it amounted to S& of theoretical 


Synthesis of 3,3-diphenyl-1 


17.7 g of benzophenone, 10 g of 1-cthinylcyclohexa-1,3-diene, 10.5 g of C,H,51, 2.3 g of Mg, and 100 ml 
of ether was allowed to react as above, giving 14 g of a fraction of b.p, 182-185°/26 min; np 1.5810; d;° 1.0767; 
found M 290; calculated M 291.5, . 


Found %: C 87.86; H 6.04 
C44H,,0. Calculated %: C 88.10; H 6.30 


Found %: OH 4.89 (Tserevitinov) 
9. Calculated %: OH $.85 


2,3-Dihydrobenzoic acid melts at 94°, and its arnide at 105°, 
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The OH content, determined by dehydration with lodine, was 90% of theoretical, 


_- The presence of a triple bond in the alcohol was confirmed by its hydration; the 2,4-dinitropheny}- 
hydrazone of the keto-alcohol so obtained melts at 182-163°, 


Found %& 
Calculated N 11.6 


SUMMARY 


1, 1-Ethinylcyclohexa-1,3-diene has been prepared, its physico-chemical properties have been studied, and 
its structure has been established from a study of its oxidation products, 


2. Hydration of 1-ethinylcyclohexe-1,3-diene gives l-acetylcyclohexa-1,3-diene, identified as its 2,4-dint- 
trophenylhydrazone, tn.p, 230-230.5°, 


3. The acetylenic alcohols 14cyclohex-2°, 3° and 3,3-dipheayl- 
14cyclohexs-1’, 3° -dienyl)-prop-1-yn-3-0l have been prepased by the lotsich Grignard reaction, and physico- 
chemical properties have been studied, 
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